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Abstract 

SuperS is a high luminosity e + e~ collider that will be able to indirectly probe new physics at energy scales 
far beyond the reach of any man made accelerator planned or in existence. Just as detailed understanding of 
the Standard Model of particle physics was developed from stringent constraints imposed by flavour changing 
processes between quarks, the detailed structure of any new physics is severely constrained by flavour processes. 
In order to elucidate this structure it is necessary to perform a number of complementary studies of a set of 
golden channels. With these measurements in hand, the pattern of deviations from the Standard Model behavior 
can be used as a test of the structure of new physics. If new physics is found at the LHC, then the many golden 
measurements from Supcri? will help decode the subtle nature of the new physics. However if no new particles 
are found at the LHC, SuperS will be able to search for new physics at energy scales up to 10 — 100 TcV. In 
either scenario, flavour physics measurements that can be made at SuperS play a pivotal role in understanding 
the nature of physics beyond the Standard Model. Examples for using the interplay between measurements to 
discriminate New Physics models are discussed in this document. 

Super B is a Super Flavour Factory, in addition to studying large samples of B u ^ s , D and r decays, Super B 
has a broad physics programme that includes spectroscopy both in terms of the Standard Model and exotica, 
and precision measurements of siv? 6w- In addition to performing CP violation measurements at the T(4S) 
and ^(3770), Super B will test CPT in these systems, and lcpton universality in a number of different processes. 
The multitude of rare decay measurements possible at SuperB can be used to constrain scenarios of physics 
beyond the Standard Model. In terms of other precision tests of the Standard Model, this experiment will be 
able to perform precision over-constraints of the unitarity triangle through multiple measurements of all angles 
and sides. 

This report extends and updates the studies presented in both the SuperB Conceptual Design Report in 2007 
and the Proceedings of SuperS Workshop VI in Valencia in 2008. Together, these three documents detail the 
Physics case of the Superi? Project. 
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1. Introduction 



The Standard Model of High Energy Physics (SM) 
has been developed as a result of decades of theoreti- 
cal and experimental activity. While all predictions of 
this model are consistent with data, the SM is known 
to be incomplete as gravity is not included at the very 
least. The Large Hadron Collider (LHC) at CERN has 
recently started a decade long programme to search 
for the Higgs particle and evidence for new physics 
(NP) at high energies that it is hoped will lead to the 
discovery of a number of new heavy particles. The 
Higgs boson is the physical remnant of the sponta- 
neous breaking of the electroweak symmetry needed 
to allow for mass terms for the SM particles. Besides, 
its presence is also needed to unitarize the WW/ZZ 
scattering cross sections. However on introducing the 
Higgs in the SM one creates theoretical problems that 
require the inclusion of yet more particles. In particu- 
lar, quantum corrections to the Higgs mass introduce 
in the theory a power-like dependence on the ultra- 
violet cut-off which destabilize the electroweak scale. 
A popular way to alleviate this problem in a "natu- 
ral" way, namely without fine tuning the parameters 
of the theory, is to introduce supersymmetry (SUSY), 
although other viable possibilities (compositeness, ex- 
tra dimensions, etc.) are available. The role of the 
LHC is to search for the direct production of as yet 
undiscovered particles in order to help elucidate some 
of the limitations of the SM and any possible exten- 
sions. Yet this is not the only way to detect evidence 
for high energy phenomena. It is also possible to indi- 
rectly search for new physics through precise measure- 
ments of rare processes involving SM particles only. 
Observables measured from such processes can be sig- 
nificantly modified in the presence of NP without the 
need to directly produce high energy particles in the 
laboratory. This indirect route relies on the virtual 
production of particles from the high energy sector, 
studying how these may affect the behavior of SM 
particle interactions at lower energy via loop effects. 
These NP effects are therefore expected to be more 
easily observed in SM forbidden processes. Thus elu- 
cidating NP via the indirect approach is the realm of 
precision measurements in clean environments. 

It is possible to place constraints on the energy scale 
of new physics using naturalness arguments. The en- 
ergy scale required to solve the hierarchy problem in- 
troduced by the SM Higgs sector is A^p < 1 TeV. 
Were new particles present at this scale, no fine tun- 
ing would be needed for the SM Higgs mass. A second 
estimate of the new physics energy scale can be ob- 
tained from precision measurements of flavour related 



observables such as mixing in K, B, and D decays. De- 
pending on the flavour observables used and on the as- 
sumptions on the relevant couplings, one finds a lower 
bound on A% a P our . This can exceed thousands of TeV 
and is driven by constraints coming from the kaon sec- 
tor. As far as B physics is concerned, considering for 
example the minimal SUSY extension of the SM with 
0(1) flavour couplings, one finds yl^ our > 10 TeV. 

The inconsistency of the bounds on the NP scales 
Apfp and yl^™ ur related to the Higgs and the flavour 
sectors of the theory is usually referred to as the 
"flavour problem". While one could still think of rec- 
onciling yl^fp our from the B sector with Amp by relax- 
ing the naturalness requirement (which in any case has 
to be relaxed to be compatible with electroweak preci- 
sion data), it is apparent that new particles with sub- 
TeV masses and generic flavour couplings are not com- 
patible with the whole set of flavour physics measure- 
ments. A popular solution of the flavour problem that 
docs not rely on fine tuning is Minimal Flavour Vio- 
lation models (MFV). MFV models assume that the 
only non trivial flavour couplings are the SM Yukawa 
couplings and restrict the possible NP contributions 
following a flavour symmetry principle. In this way 
one brings A^ p vour below the TeV and reconcile it 
with Amp- The simultaneous solution of the hierarchy 
and flavour problems implies an intriguing connection 
between masses and flavour properties of the NP par- 
ticles. Therefore it is imperative that both the direct 
and indirect searches for NP are performed to obtain 
as complete a picture of nature as possible. If the 
LHC is unable to find evidence for new physics, then 
detailed exploration of the flavour sector is the only 
recourse without embarking on an experiment at sig- 
nificantly higher energies. On the other hand if new 
physics is observed at the LHC, then once again the 
flavour sector will be instrumental in understanding 
its structure. 

The DO collaboration recently claimed evidence for 
a di-muon asymmetry that was incompatible with the 
Standard Model [TJ. While not yet statistically signif- 
icant, if this claim is confirmed as a first measurement 
of new physics, then this would mean that the flavour 
structure of physics beyond the Standard Model is re- 
ally very interesting, and SuperS will be able to dis- 
cover a number of new-physics related effects through 
the many measurements described in this document. 
Irrespective of an independent confirmation of this ef- 
fect, the process of reconstructing the new physics 
Lagrangian using Superi? and the measurements dis- 
cussed in Sect ion [lO] will be a very rewarding endeavor. 

In addition to being able to perform measurements 
that in turn can be used to constrain the flavour re- 
lated properties of new physics, this experiment will 
be able to perform precision tests of the SM using de- 
cays of B, D, T mesons and r leptons. The stud- 
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ies presented here extend and update some of those 
found in the SuperB Conceptual Design Report [2] and 
the Valencia Physics Workshop proceedings [3] . These 
three documents together detail the SuperB physics 
programme. An up-to-date description of the Superi? 
detector can be found in Refs. [3]. For comparison the 
physics potential of the proposed Belle-II experimental 
programme can be found in Ref. [5]. 

Superi? is a proposed high luminosity e + e~ col- 
lider operating at energies from open charm thresh- 
old (the ^(3770) resonance) to above the T(5S) res- 
onance [2J [3]. The aim of Super B is to accumulate 
75 ab^ 1 of data in five years of nominal running at the 
T(AS) resonance corresponding to the world's largest 
samples of B, D, and r pairs, as well as large samples 
of data at other center of mass energies correspond- 
ing to the T resonances. These data are 75 times the 
statistics available at any existing experiment and can 
be used to probe a wide range of observables related to 
new physics in the flavour sector at a precision level. 
There is a proposal to construct a similar project at 
KEK as an upgrade of the KEKB /Belle infrastructure 
referred to as SuperKEKB/Belle-II [§]. The Belle-II 
experiment ultimately aims to record only 50 ab -1 of 
data. There are two unique features of the Super_B 
facility that provide significant opportunities to per- 
form or improve the precision of a number of important 
measurements: (i) the electron beam will be longitu- 
dinally polarized, and (ii) it is envisaged that there 
will be an extended period of running at the y>(3770) 
resonance in order to utilize quantum correlations at 
charm threshold in analogy to the work done by the B- 
factories at the T(4S). Together Superi? and Belle-II 
are referred to as Super Flavour Factories to highlight 
the wide range of phenomena that can be studied at 
these facilities. The new physics sensitive observables 
that a Super Flavour Factory will measure are comple- 
mentary to those accessible at the CERN based flavour 
physics experiment LHCb. Only by measuring the full 
set of observables at e + e~ and hadron colliders will 
we be able to optimally elucidate details of the flavour 
structure at high energy. 

In addition to requiring the existence of new parti- 
cles at high energy, some extensions of the SM require 
the existence of one or more low mass particles. These 
low mass particles may be related to the Higgs sec- 
tor, and to postulated forms of Dark Matter. So while 
many of the NP sensitive measurements at Super_B 
are indirect, it is also possible to directly search for 
new particles that could not be detected at the LHC, 
but could be required to obtain a full understanding 
of any discoveries at the LHC. The potential of such 
direct searches are discussed in Section [8] 

A long standing issue that is unresolved in physics 
is the reconciliation of the creation of equal amounts 
of matter and antimatter in the Big Bang, and today's 



observation of a matter dominated universe. The level 
of CP violation present in the SM is orders of mag- 
nitude smaller than that required for our universe to 
have evolved into the state that we observe it in. CP 
violation measurements in charm decays and a dis- 
covery of Lepton Flavour Violation in r decays may 
provide new input to help resolve this conflict. 

The remainder of this document discusses the 
physics potential of Super B, firstly in terms of the 
physics topics, and finally in terms of the interplay 
between these measurements and those of other ex- 
periments in constraining the Standard Model and 
constructing features of the new physics Lagrangian: 
Lepton Flavour Violation, CP violation, and Standard 
Model studies of r decays are treated in Section[2j Sec- 
tions [3] and [4] discuss at length the physics potential for 
measurements of B u < i s decays at SuperB; Section [5] 
discusses physics reach in the charm sector, both at 
charm threshold and at the Y(4S) resonance; Precision 
electroweak measurements facilitated by the inclusion 
of longitudinal polarization of the electron beam at 
Super_B are reviewed in Section [6j The potential for 
spectroscopy and direct searches at low mass are dis- 
cussed in Sections [7] and [5J respectively. In order to 
appreciate the potential of the measurements it is nec- 
essary to understand the impact that improvements 
in theory, particularly Lattice QCD will have on the 
interpretation of results. Section [9] discusses this in 
detail, and compares predictions made in Ref. S2 with 
the current state of the art in Lattice QCD. Finally be- 
fore concluding we review the main physics highlights 
of the SuperS programme in the context of constrain- 
ing new physics scenarios and elucidating the struc- 
ture of the new physics Lagrangian. One of the issues 
here is that there are many postulated scenarios of new 
physics, so it is necessary to determine which of these 
(if any) may be manifest in nature. This task requires 
a detailed analysis of many new physics sensitive ob- 
servables both from direct and indirect searches. By 
understanding interplay between measurements and 
models of new physics we outline a strategy for elu- 
cidating new physics in the LHC era with a Super 
Flavour Factory. 



2. r physics 



Searching for lepton-flavor- violating (LFV) r decays 
constitutes one of the most clean and powerful tools 
to discover and characterize NP scenarios. Although 
the SM when complemented with the experimentally 
observed neutrino- mixing phenomenology does include 
LFV t decays, the rates are extremely low and exper- 

SuperB Progress Report - The Physics - August 2010 



10 



imentally unobservable, making the discovery of LFV 
an unambiguous signal for physics beyond the SM. 

Experimental investigations on CP violation in r de- 
cay and on the r EDM and g— 2 provide Super B with 
additional experimentally clean tools to advance our 
knowledge on unexplored territories, with the ability 
to test some specific NP scenarios. 

With an integrated luminosity of 75 ab -1 , Superi? 
will be able to explore a significant portion of the 
parameter space of most New Physics scenarios by 
searching for LFV in r decays. While the MEG ex- 
periment will search for p — > ej with great sensitivity, 
SuperB will uniquely explore transitions between the 
third and first or second generations, providing cru- 
cial information to determine the specific New Physics 
model that produces LFV. The LHC experiments are, 
in general, not competitive in LFV searches. Further- 
more, SuperB includes features that make it superior 
to Belle II for LFV searches: a larger planned lumi- 
nosity and a polarized electron beam, which is equiv- 
alent to a substantial boost in effective luminosity, 
and smaller beam currents, leading to smaller machine 
backgrounds. SuperB can have a 80% longitudinally 
polarized electron beam, which will provide means to 
improve the selection of LFV final states, given a spe- 
cific LFV interaction, or to better determine the fea- 
tures of the LFV interaction, once they are found. 

Experimental studies on CP violation in r decay and 
on the t EDM and g— 2 are especially clean tools, be- 
cause they rely on measurement of asymmetries with 
relatively small systematic uncertainties from the ex- 
periment. The beam polarization also improves the 
experimental sensitivity for r EDM and g— 2 deter- 
minations, by allowing measurements of the polariza- 
tion of a single r, rather than measurements of corre- 
lations between two r leptons produced in the same 
event. With this technique, Superi? can test whether 
supersymmetry is a viable explanation for the present 
discrepancy on the muon g~ 2. Although the most 
plausible NP models constrained with the available ex- 
perimental results predict CP violation in r decay and 
the t EDM in a range that is not measurable, SupcrB 
can test specific models that enhance those effects to 
measurable levels. 

A. Lepton Flavor Violation in t decay 
Predictions from New Physics models 

LFV in the MSSM 

In the following, we discuss the size of r LFV ef- 
fects on decays and correlations that are expected in 
supersymmetric extensions of the SM and, in partic- 
ular, in the so-called constrained MSSM, The flavor- 



conserving phenomenology of this framework is char- 
acterized by five parameters: M x / 2 , Mo, Aq, tan/3, 
sgn p. We will discuss a subset of the "Snowmass 
Points and Slopes" (SPS) [7], which we consider ade- 
quate to illustrate the variety of predictions and the 
features of the model on lepton flavor violation pro- 
cesses (see Table |T|. 

TABLE I: Values of M 1/2 , M , A , tan/3, and sign of fi 
for the SPS points considered in the analysis. 

SPS Mi/g (GeV) M (GeV) A (GeV) tan/3 p 



la 


250 


100 


-100 


10 


> 





lb 


400 


200 





30 


> 
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300 


1450 





10 


> 
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400 


90 





10 


> 
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300 


400 





50 


> 





5 


300 


150 


-1000 


5 


> 






At all the SPS points, LFV decays are dominated 
by the contribution of dipole-type effective operators 
of the form (ka^ljF^). Defining TlW = B(t ->■ 
a)/B(r — > b), The dipole dominance allows us to es- 
tablish the following relations: 

H<fi$ w 1.0 x 10~ 2 -> B(t -> /xe+e-) < 5 x lO" 10 , 
K%ff « 2.5 x 10- 3 B(t tip ) < 10- 10 , 
« 2.2 x 10~ 3 -> B(t -> 3/j) < lO" 10 , 

where the bounds correspond to the present limit 
B(t — > pj) < 4.5 x 10~ 8 . Similar relations hold for 
r — > e transitions. Assuming an experimental reach at 
SuperB at the level of 10 -9 only t — > fij and t — > e-f 
decays would be within experimental reach in this list. 
However, it is interesting to notice that some processes 
as r — > /ip (p — > 7r + 7r~) can reach branching ratios of 
10 -10 for special values of the parameters j8]. Taking 
into account that these modes are cleaner from the ex- 
perimental point of view, they could still be interesting 
processes in a SuperB. 

To estimate the overall scale of r —> (//, e)j rates, 
we must specify the value of the LFV couplings, since 
they are not determined by the SPS conditions. In 
the mass-insertion and leading-log approximation, as- 
suming that the leading LFV couplings appear in the 
left-handed slepton sector, we can write: 







2 










H) it 




a 3 







where, to a good approximation, M| ~ 0.5MqM^, 2 x 
(M 2 + 0.6M 2 ) 2 . In a Grand Unified Theory (GUT) 
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with heavy right-handed neutrinos, the off-diagonal 
entries of the slepton mass matrix m~ are likely to 
be dominated by the flavor mixing in the (s)neutrino 
sector. These terms can be expressed as: 



H) 



6M 2 



2AI 



31 



16tt 2 



(1) 



where Sij — (YjY v ) . Xo^Mgut/Mr) in terms of the 
neutrino Yukawa couplings (Y v ), the average heavy 
right-handed neutrino mass (Mr) and the GUT scale 
(M G ut ~ 10 15 -10 16 GeV). The experimental infor- 
mation on neutrino masses and mixings is not suffi- 
cient to fix completely the structure in the neutrino 
Yukawa matrix, even assuming some kind of quark- 
lepton unification. We can take two limiting situa- 
tions that are called "CKM-like" and "PMNS-like" [S]. 
Taking the "PMNS-like" case and given the large phe- 
nomcnological value of the 2-3 mixing in the neutrino 
sector (and the corresponding suppression of the 1-3 
mixing) we expect |<S 32 | 3> |#3i| hence B(t —> /Z7) ^> 
B(t —> ej). For sufficiently heavy right-handed neu- 
trinos, the normalization of Y v is such that Bij — > fij) 
can reach values in the 10 -9 range. In particular, 
B(t -> fij) > 1CT 9 if at least one heavy right-handed 
neutrino has a mass around or above 10 13 GeV (in SPS 
4) or 10 14 GeV (in SPS la,lb,2,3,5). 

A key issue that must be addressed is the role 
of £>(/! — » 67) in constraining the LFV couplings 
and, more generally, the correlations between B(t — > 
(/i, e)j) and B(p — ¥ e^y) in this framework. An ex- 
tensive analysis of such questions has been presented 
in Ref . [THl E] , under the hypothesis of a hierarchical 
spectrum for the heavy right-handed neutrinos. 

The overall structure of the B(t — > fjrf) vs. B{p, — ► 
ej) correlation in SPS la is shown in Fig. [I] As an- 
ticipated, B(t — > jjrf) ~ 10~ 9 requires a heavy right- 
handed neutrino around or above 10 14 GeV. This pos- 
sibility is not excluded by — > ej) only if the 1-3 
mixing in the lepton sector (the #13 angle of the neu- 
trino mixing matrix) is sufficiently small. This is a 
general feature, valid at all SPS points, as illustrated 
in Fig. [2] In Table [n] we show the predictions for 
B(t — > hj) and B(t —} fXfifx) corresponding to the 
neutrino mass parameters chosen in Fig. [2] (in partic- 
ular M Na = 10 14 GeV), for the various SPS points. 
Note that this case contains points that are within 
the SuperB sensitivity range, yet are not excluded by 
B(fi — > erf) (as illustrated in Fig. [2|. It is also interest- 
ing to notice the possible correlations with other pro- 
cesses. For instance, in SU(5) GUT models a large CP 
phase in the B s system would imply a large B(t — > /17) 
due to the unification of the squark and slepton mass 
matrices at Mgut [T2HT5] . 

It is unlikely that MSSM would be realised in na- 
ture with an entirely flavor blind soft sector while the 
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FIG. 1: B(t -> fi-f) vs. B(fi -» erf) in SPS la, for three 
reference values of the heavy right-handed neutrino mass 
and several values of #13. The horizontal dashed (dotted) 
line denotes the present experimental bound (future sen- 
sitivity) on B(fi — > e'y). All other relevant parameters are 
set to the values specified in Ref. |10j . 
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FIG. 2: B(fi -> e7) as a function of #13 (in degrees) for 
various SPS points. The dashed (dotted) horizontal line 
denotes the present experimental bound (future sensitiv- 
ity). All other relevant parameters are set to the values 
specified in Ref. |10j . 



TABLE II: Predictions for B(t — > fi'y) and B(t —> fJ.fJ.fJ.) 
corresponding to the SPS points. The vaiues of mjv^ and 
m vi are as specified in Fig.^fTU]. 





SPS 


la 


lb 2 


3 


4 


5 


B(t - 
B{t - 


-> fij) x 10~ 9 
► fifj.fi) x 10~ 12 


4.2 
9.4 


7.9 0.18 
18 0.41 


0.26 
0.59 


97 
220 


0.019 
0.043 



Yukawa sector presents a highly nontrivial structure. 
Thus, we must explore other "flavored MSSM" real- 
izations to be able to analyze the host of new results 
that will arrive from SuperS and LHC experiments. 
The use of flavor symmetries can explain the compli- 
cated Yukawa structures and at the same time predict 
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a non-trivial structure in the soft-breaking terms. In 
such flavor models, we can have a large variety of pre- 
dictions with different flavor symmetries. However, 
LFV processes are always the most interesting observ- 
ables in these models and it is relatively easy to obtain 
B(t — ¥ fi'y) ~ 10~ 9 as shown in Ref. [TH1 E] for an 
SU(3) flavor symmetry. We have to emphasize here 
that this process can even compete in sizable regions 
of the parameter space with the future bound at MEG 
for the process /i — > ej. 

LFV in other scenarios 

At large tan (3 and not too heavy Higgs masses, an- 
other class of LFV interactions is relevant, the effective 
coupling between a /z-r pair and the heavy (scalar and 
pseudoscalar) Higgs bosons. This coupling can over- 
come the constraints on B(r — » /z/z/it) and B(t — » iirf) 
dictated by B(t — > /try) in the dipole-dominance sce- 
nario. Such a configuration cannot be realized in the 
CMSSM, but it could be realized in the so-called Non 
Universal Higgs Masses (NUHM) SUSY scenario. In 
such a framework, there are specific regions of the pa- 
rameter space in which processes like r — > [ir\ and 
r /i/i(980), /i(980) 7r+7r~ could have a branch- 
ing ratio in the range 10~ 9 to 10 -10 , comparable or 
even slightly larger than B(t — > /17) [8} fT8| [19] . 

Another interesting set of possibilities is MSSM with 
R-parity violation (RPV) [2U] . In these models several 
of the bounds on RPV couplings are obtained from 
B and r processes. SuperB can improve the bounds 
on couplings or might even discover a signal for RPV 
MSSM. The processes t — » [ir\ and r — > fififi are es- 
pecially interesting and can be used at SuperB to im- 
prove existing bounds by more than an order of mag- 
nitude. 

Finally, in some non-SUSY NP frameworks, such as 
Little Higgs Models with T parity (LHT) or Z' models 
with non- vanishing LFV couplings (Z £i£j), the r — > 
H/i/i rate could be significantly enhanced to a level that 
matches or exceeds the rate of t — > /i 7 (see e.g. }21|). 
In this respect, a measurement of B(t — » /x/z/z) to the 
level of 10 -10 would be interesting test of NP even for 
B(t -> /i 7 ) < 1CT 9 . 

SuperB experimental reach 

The vast experience accumulated on the B-factories 
offers a reliable base for estimating the reach of SuperB 
on r LFV searches. To a first approximation, the 
SuperB detector is expected to have performances 
comparable to or better than BABAR for electron iden- 
tification and for electromagnetic energy resolution 
and hermiticity. The Superi? project on the other 



hand has an improved momentum resolution, thanks 
to silicon layers closer to the beams, and improved 
muon identification. 



The typical r LFV decay search consists in counting 
candidate events and measuring if there is an excess 
against the expected background. By running a BABAR 
analysis unchanged on a larger statistical sample, all 
expected upper limits scale with at least as the square 
root of the luminosity increase ((xl/VC). This extrap- 
olation poses a lower limit for the SuperB reach, which 
will be ameliorated by detector improvements and only 
moderately worsened by a small expected increase of 
beam backgrounds. If it is possible to maintain the B 
factory efficiencies while keeping the expected amount 
of background events negligible, then Superi? will de- 
liver upper limits that will scale linearly with the inte- 
grated luminosity (ocl/£). In the first approximation, 
scaling by 1/C is possible for r LFV decays into three 
leptons, or into a lepton and two hadrons in the fi- 
nal state (where the two hadrons may come through 
a hadron resonance). On the other hand, searches for 
t — > £"f suffer higher backgrounds and tend to scale 
more like cxl/vZ- 



BABAR t LFV searches are optimized for the best 
expected upper limits, which typically corresponds to 
maximizing the signal efficiency while keeping the ex- 
pected background events of the order one or less, 
when the analysis is not background dominated. Since 
the analysis optimization depends on the size of the 
analyzed sample and on the amount of expected back- 
grounds, one must re-optimize the B-factory analyses 
for the Superi? luminosity, especially for the low back- 
ground searches. In the following, we extrapolate from 
the most recent results from BABAR by re-optimizing 
the analysis for r — > £££, and assuming a conserva- 
tive scaling for r — > ^7. The experimental reach 
is expressed in terms of "the expected 90% CL up- 
per limit" assuming no signal, as well as in terms of 
a "3<7 evidence branching fraction" in the presence of 
projected backgrounds; furthermore a minimum of 5 
expected signal events is required to establish evidence 
for a signal. In the absence of signal, for large numbers 
of expected background events Vbkg, the expected 90% 
CL upper limit for the number of signal events can be 
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N UL 
JV 90 



approximated as 
whereas for small -/Vbkg a value for Ng Q L 



1.28(1/2 + + 

is obtained 

using the method described in 22 , which gives, for 
^Vbkg ~ 0, Ng L ~ 2.4. If a signal is determined from 
counting events within a signal region, the 90% CL 
branching ratio upper limit is: 



■kv sample 



N UL 
IV 90 



N UL 
JV 90 



qUL _ 

90 2N TT e 2Ca TT e ' 



(2) 



where N TT = £<r TT is the number of r-pairs pro- 
duced in e + e~ collisions; C is the integrated luminos- 
ity, a~ rr =0.919nb [23J is the r-pair production cross 
section, and e is the signal efficiency. 

The t — > /17 projected sensitivity is based on the 
most recent BaBAR result [24] . Some SuperB improve- 
ments with respect to BABAR are taken into account: 

• The smaller beam size and (to a minor extent) 
the improved momentum resolution will improve 
the invariant mass and energy resolution of the r 
candidates and are expected to reduce the signal 
region area by 35%. 

• The improved coverage for photons is expected 
to increase the acceptance by 20%. 

Further gains are possible by re-optimizing the anal- 
ysis for the SuperB detector and exploiting beam po- 
larization effects. The high energy electrons beam at 
SuperB can be ~80% longitudinally polarized, influ- 
encing the angular distribution of the r decay products 
in a way that depends on the interaction that causes 
LFV. Figure [3] shows that with beam polarization the 
helicity angles of the r pair decay products can be 
used to significantly suppress the background when 
one r decays to /17 and the other one to ttu. Simi- 
lar background suppressions are also obtained with pv 
and evV decays on the other side. While further in- 
vestigations are ongoing to quantify analysis improve- 
ments, we provide here a more conservative estimate of 
the Super B reach on r LFV, which does not consider 
beam polarization and other possible improvements on 
the analysis. For r — > fij, we expect the final efficiency 
to be ~ 7.3% and the final background to be ~ 260 
events. This leads to an expected 90%CL upper limit 



1 This formula has been obtained by approximating the Pois- 
son distributed number of background and signal events with 
Gaussian distributions and the value 1.28 satisfies the relation 



90% : 



J — ( 



-1.28a 



G(u,a), 



where G([i, a) is a Gaussian with mean fj, and variance a 2 . 
For order 100 expected background events, the formula ap- 
proximates toy Monte Carlo simulations within better than 
5%. 
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FIG. 3: Distribution of the cosine of the helicity angle of 
the muon and pion candidates when selecting r pairs events 
decaying to r — > ^7 and r — > -kv. The top plot shows 
simulated signal events, the bottom plot shows simulated 
r — > [ivy background events. In both cases, the electron 
beam is 80% longitudinally polarized. 



of 2.4 x 10~ 9 and a 3<t evidence reach of 5.4 x 10 -9 . 
One additional benefit of beam polarization is the pos- 
sibility to determine the helicity structure of the LFV 
coupling from the final state momenta distributions 
(see for instance Ref. [25] for the r — > \x\x\x process). 
The extrapolation of the r — > ej search receives ben- 
efits from similar improvements, and has a projected 
90% CL upper limit of 3.0 x 10~ 9 and a 3<r evidence 
reach of 6.8 x 10~ 9 . 

By re-optimizing the BaBAR analyses for 75fb _1 of 
data, we obtained refined projected upper limits for 
LFV searches for r into three leptons [35], which lie 
between the <xl/C and the ocl/VC extrapolations (see 
Fig. [4J. SuperB detector improvements are expected 
to have a minor impact for these channels, and they 
are conservatively neglected. After optimization the 
expected backgrounds are small so beam polarization 
has a minor impact (which we neglect here) on the 
expected reach of the search. The re-optimization has 
been performed by using the BAB4R data and the simu- 
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FIG. 4: Expected SuperB 90% CL upper limits for r 
III LFV decays compared with the most recent BABAR 
expected upper limits. The upper and lower bands indicate 
the l/VC and 1/C extrapolations, respectively. 



lation of the BABAR detector. The expected 90% con- 



-10 



to 



fidence upper limits are in the range 2.3 x 10 
8.2 x 10~ 10 , depending on the channel, and the 3cr evi- 
dence branching fractions are 1.2 x 10 -9 to 4.0 x 10 -9 . 
For technical reasons, the amount of simulated data 
that has been used (equivalent to about twice the 
BABAR collected luminosity) permits only a crude es- 
timate of some specific backgrounds that have exactly 
the same particle content of the signal as a result of 
rare and accidental combination of SM processes. For 
instance, the BABAR simulated samples only contain a 
few events where a r — > \ivv decay combines with an 
e + e~ pair from an ISR photon to accidentally match 
the t mass and energy, therefore the extrapolation 
to the SuperP integrated luminosity has some uncer- 
tainty. To improve these extrapolations, one needs to 
simulate large samples of generic background that can 
be used to study the Super P environment. Work is 
ongoing within SuperP to this end. 

We consider the projected results for r — > III as in- 
dicative of the SuperP sensitivity for hadronic LFV 
final states containing a lepton (either a muon or elec- 
tron) and a hadronic system such as a pseudoscalar or 
vector meson (tt°, 77, 7/ , K$, w, <j), K* , /1, etc.) or a 
non-resonant two body system comprising a combina- 
tion of pions or kaons. 

The LFV searches r — > In and r — > lr\ (77 — > 77) , 
will suffer from accidental backgrounds similar to t — > 
£7. These backgrounds arise when combinations of 
two hard photons from an initial state radiation (ISR) 
event accidentally are reconstruct with an invariant 
mass m 77 compatible with the 7r° or r\ mass. How- 
ever the rate for two hard-photon ISR emission will be 
about 100 times lower than that of single hard photon 
emission. By requiring to 77 to be consistent with that 
of a 7T° or 77 we are able to suppress much of this back- 



ground. Consequently background from ISR events 
are not expected to be an issue at SuperP luminosi- 
ties. 

Compared with Belle II, the SuperP project is ex- 
pected to have a significantly better reach on t LFV 
as a result of: (i) a larger design instantaneous and in- 
tegrated luminosity and (ii) the availability of a highly 
polarized electron beam in the baseline design of the 



collider. Table III summarizes the expected sensitivi- 
ties at SuperP for golden LFV decays, which do not 
yet include possible analysis optimization and the full 
exploitation of beam polarization effects. 



TABLE III: Expected 90% CL upper limits and 3a evi- 
dence reach on LFV decays with 75 ab -1 with a polarized 
electron beam. 



Process 


Expected 


3a evidence 




90% CL upper limit 


reach 


B(t -> /i 7) 


2.4 x 10" 9 


5.4 x 10" 9 




3.0 x 10~ 9 


6.8 x 10" 9 


B(r ->■ III) 


2.3-8.2 x 10" 10 


1.2-4.0 x 10" 9 



B. CP Violation in r decay 

CP violation in the quark sector has been observed 
both in the K and in the B systems. All experimen- 
tal results thus far can be explained by the complex 
phase of the CKM matrix. On the contrary CP vio- 
lation in the lepton sector has not been observed yet. 
CP-violating effects in charged-lepton decays within 
the SM are predicted to be vanishingly small. For in- 
stance, the CP asymmetry rate of — > K ± -n d v is 
estimated to be of order O(10 -12 ) [57] • For the decay 
t — > Kg^v a small CP asymmetry of 3.3 x 10 -3 is 
induced by the known CP- violating phase of the K°K° 
mixing amplitude [28J . This asymmetry is known to a 
precision of 2%. Hence the CP violating asymmetry in 
this mode can serve as a calibration measurement for 
searches for effects in other r decays. Any observed de- 
viation from expected asymmetries in r decays would 
be a clear sign of NP. 

Most of the known NP models cannot generate ob- 
servable CP-violating effects in t decays (see e.g., [21 J. 
The only known exceptions are RPV SUSY [2"0"ll2"9] or 
specific non-supersymmetric multi-Higgs models |30L 
[32] . In such frameworks NP contributes at tree level, 
and if the sfermions or charged Higgs particles are rel- 
atively light with sizable couplings to the light quarks, 
then the NP contributions can be significant. In some 
cases the CP asymmetries of various r decay chan- 
nels or T-odd CP-violating asymmetries in the angu- 
lar distribution can be enhanced up to the level of 
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1CP 1 . Such enhancements from NP are compatible 
with limits from other observables, and saturate at 
the experimental limits obtained by CLEO [5TH55] . In 
particular, these models have been shown to be able to 
produce sizable asymmetries in the decays r — > K~kv Ti 
t -> Krf^v T , and r -> Kmrv T [HHS2- 

A first search for CP violation in r decay has been 
conducted by the CLEO collaboration [33 , looking 
for a tau-charge-dependent asymmetry of the angu- 
lar distribution of the hadronic system produced in 
t — » Kgnv. In multi-Higgs doublet NP scenarios the 
CP-violating asymmetry arises from the Higgs cou- 
pling and the interference between S wave scalar ex- 
change and P wave vector exchange. The Cabibbo- 
suppressed decay mode into Ksixv has a larger mass- 
dependent Higgs coupling. Furthermore, events in 
the sidebands of the Kg mass distributions can be 
used to calibrate the detector response. Using a data 
sample of 13.3 fb^ 1 (12.2 x 10 6 r pairs) CLEO ob- 
tains the mean of the optimal asymmetry observable 
(£) = (— 2.0 ± 1.8) x 10" 3 . As this measurement relies 
on detector calibration using data side-band events it 
is conceivable that Super B with 75 ab -1 would not be 
limited by systematics and could reach an experimen- 
tal sensitivity of « 2.4 x 10~ 5 . 

C. Measurement of the t electric dipole moment 

In minimal SUSY frameworks with flavor- 
independent CP- violating phases, like the constrained 
MSSM, lepton EDMs (de) scale linearly with the 
lepton mass. As a result, the existing limits on the 
electron EDM generally preclude any visible effect in 
the t and fj, cases. In more general MSSM models, 
however, the strength of CP violation may be different 
for different flavors and this simple linear scaling does 
not apply |16) . A very simple example is given by 
models where the CP-violation phases are associated 
with the third generation, in our case, to the stau 
trilinear coupling, A T [34 . In this case the r EDM 
will be large and EDMs for the first two generations 
will be suppressed by small mixings. Unfortunately, 
there are also situations where the additional flavor 
dependence can generate a further suppression in the 
r EDM [T^] . Thus, it is necessary to measure all three 
lepton EDMs independently in order to determine 
the flavor dependence of CP phases. Furthermore in 
multi-Higgs models the EDMs scale with the cube 
of the lepton mass [35], thus d T can be enhanced 
significantly. However, in this case the e and /x EDMs 
receive sizeable two-loop contributions from Barr-Zee 
diagrams. Again these scale linearly with the lepton 
masses. As a result, one can derive an approximate 
bound d T < 0.1 x {m T /m^)' i (ra^/m e )d e which is still 
very strong. From the present experimental upper 



bound on the electron EDM, d e < 10 e cm it follows 
that d T < 10~ 22 ecm. 

The r EDM influences both the angular distribu- 
tions and the polarization of the r produced in e + e~ 
annihilation. With a polarized electron beam it is 
possible to reconstruct observables from the angular 
distribution of the products of a single r decay that 
unambiguously discriminates between the contribution 
due to the r EDM and other effects [M] [37] • Recent 
studies have provided an estimate of the SuperP up- 
per limit sensitivity for the real part of the r EDM 
|Re{d?}| < 7.2 x 10- 20 ecm with 75 ab" 1 [35]. The 
result assumes a 100% polarized electron beam collid- 
ing with unpolarized positrons at the T(45) resonance. 
Uncertainty on the polarization is neglected, and a per- 
fect reconstruction of the decay r — » iris is assumed. 
Studies have been done assuming more realistic condi- 
tions: 

• An electron beam with a linear polarization of 
80% ± 1%. 

• 80% geometric acceptance. 

• Track reconstruction efficiency 97.5% ± 0.1% 
(similarly to that achieved in LEP analyses [35] 
and BABAR ISR analyses [59"] . 

The process e + e~ — > t + t~ is simulated with the KK 
generator [40] and the Tauola package for t decay [40] ; 
the simulation includes the complete spin correlation 
density matrix of the initial-state beams and the fi- 
nal state r leptons. r EDM effects are simulated by 
weighting the r decay product angular distributions. 
These studies are not complete, and do not yet in- 
clude uncertainties in reconstructing the r direction. 
Preliminary indications are that the r EDM experi- 
mental resolution is ~ 10 x 10~ 20 ecm, corresponding 
to an angular asymmetry of 3 x 10~ 5 . Uncertainties in 
track reconstruction give a systematic contribution of 
« 1 X 10~ 20 ecm. Asymmetries proportional to the r 
EDM depend on events that go into the same detector 
regions but arise from r leptons produced at different 
angles, minimizing the impact of efficiency uncertain- 
ties. It must be noted that all the hadronic r channels 
theoretically have the same statistical power as the 
r — > tiv mode in measuring the r polarization [41] . 
and can therefore be used to improve the experimen- 
tal resolution. 

A search for the t EDM using unpolarized beams 
has been completed at Belle [42]. In this case, one 
must measure correlations of the angular distributions 
of both r leptons in the same events thereby losing 
both reconstruction efficiency and statistical precision. 
The analysis shows the impact of inefficiency and un- 
certainties in the r direction reconstruction, and also 
demonstrates that all r decays, including leptonic de- 
cays with two neutrinos, provide statistically useful 
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information for measurement of the r EDM. With 
29.5 ftV 1 of data, the experimental resolution on the 
real and imaginary parts of the r EDM is between 
0.9 x 10~ 17 ecm and 1.7 x 10 _17 ecm, including sys- 
tematic effects. An extrapolation to Superf? with a 
data sample of 75 ab -1 (assuming systematic effects 
can be reduced according to statistics) corresponds to 
an experimental sensitivity of between 17 x 10 -20 ecm 
and 34 x 10~ 20 e cm. 



D. Measurement of the r g — 2 

The Standard Model prediction for the muon 
anomalous magnetic moment is not in perfect agree- 
ment with recent experimental results. In particular, 



Aa„ = 



,SM 



(3 ± 1) x 10 J . Within the 



MSSM, this discrepancy can naturally be accommo- 
dated if tan/3 > 10 and p > 0. 

A measurement of the r anomalous magnetic mo- 
ment could be used to confirm or disprove the possibil- 
ity that the discrepancy in Aa^ is the result of NP. The 
natural scaling of heavy-particle effects on lepton mag- 
netic dipole moments, implies Aa-r/Aa^ ~ m 2 /m 2 . 
Thus, if we interpret the present muon discrepancy as 
a signal of NP we would expect Aa T ps 10~ 6 . 

In the supersymmetric case, such an estimate holds 



for all the SPS points (see Table IV I and, more gener- 
ally, in the limit of almost degenerate slepton masses. 
If rn| T <C rn?^ (as happens, for instance, in the 
so-called effective-SUSY scenario), Aa T could be en- 
hanced up to the 10 -5 level. 

TABLE IV: Values of Aa M and Aa T for various SPS points. 



SPS 


la 


lb 


2 


3 


4 


5 


Aa„ x 1(T 9 


3.1 


3.2 


1.6 


1.4 


4.8 


1.1 


Aa T x 1CT 6 


0.9 


0.9 


0.5 


0.4 


1.4 


0.3 



In a manner similar to an EDM, the r anomalous 
moment (<?— 2) influences both the angular distribution 
and the polarization of the r produced in e + e~ anni- 
hilation. Polarized beams allow the measurement of 
the real part of the g — 2 form factor by measuring the 
r polarization with just the r polar angle distribution, 
i.e. without looking at the angular distribution of the r 
decay products in the r rest frame. Bernabeu et al. [13] 
estimate that SuperB with 75 ab -1 will measure the 
real and imaginary part of the g — 2 form factor at the 
T(45) with a resolution in the range [0.75-1.7] x 10~ 6 . 
Two measurements of the real part of g — 2 are pro- 
posed: one fitting just the polar angle distribution of 
the t leptons, and one based on the measurement of 
the transverse and longitudinal polarization of the r 
from the angular distribution of its decay products. All 
events with r leptons decaying either in ~kv or pv are 



considered, but no detector effects are accounted for. 
For the r polarization measurements, electron beams 
with 100% polarization are assumed. Studies simulat- 
ing more realistic experimental conditions are ongo- 
ing. While the polar angle distribution measurement 
will conceivably suffer from uncertainties in the r di- 
rection reconstruction, the preliminary results on the 
t EDM measurement mentioned above indicate that 
reconstruction systematic effects are small for asym- 
metries using the r polarization. Using the estimated 
precision on the r EDM measurement, we expect that 
SuperB can measure the real part of the g — 2 form 
factor with a statistical error of 2.4 x 10~ 6 . With such 
resolution, SuperB will be able to measure the SM- 
predicted r magnetic anomaly at the percent level. 



E. Search for second-class currents 

In the SM, approximate conservation of isospin sym- 
metry implies that hadronic currents corresponding 
to J PG = H ,0 '", 1 ++ , 1 , known as second-class 
currents (SCC) [44], are suppressed by the difference 
between the down- and up-quark masses. This sup- 
pression makes the search for decays mediated by SCC 
a test of the SM, a way to shed light on hadronic states, 
and a way to search for new physics contributions to 
SM-suppressed decays. 

For example, the SM branching fraction of the 
SCC decay r~ — > rjir~v T is predicted to be in the 
range (2—4) x 10 _6 [3S], assuming, as commonly be- 
lieved, that the Oq (980) is a four-quark state. A mea- 
sured branching fraction around 10~ 5 would mean that 
(980) is actually a du meson, and a value greater 
than about 3 x 10~ 5 could indicate the possible exis- 
tence of a new-physics scalar component in the weak 
interaction. 

There is no published search for r~ — > t]tt~ v t , 
but BaBar has searched for the related decay t~ — > 
?/(958)7r - ^ r using 384 fb _1 , and has determined its 
branching fraction to be smaller than 7.2 x 10 -6 [41)] . 
With the full data set of 75 ab -1 , SuperB could push 
the limit to about a third of the theoretical upper limit 
of 1.4 x 10 -6 07] ■ Similarly, the experimental reach for 
t~ — > ?77r~ v T is expected to place limits on scalar new- 
physics contributions and may be sensitive enough to 
elucidate the nature of the (980). BaBar has also 
studied t~ — > lq-k~v t and has set a 0.69% upper limit 
on the SCC fraction in this decay [4"5] . 



3. B Physics at the T(4S) 
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This section contains highlights of the B physics 
programme from SuperB. The focus of much of the 
material presented here is the search for physics be- 
yond the standard model. The following sub-sections 
discuss time-dependent CP measurements, theoretical 
and experimental aspects of a number of rare decay 
golden channels including B — > K^*'vV, B — > X s ^j, 
B —> X s .dl + £~, B — ► ^(7), measurements of \V u b\ 
and \V c b\, Amd and CPT tests. In addition to these 
processes that can shed light on new physics there are 
standard model control measurements comprising pre- 
cision CKM determination. One area of B decays that 
is a rich test bed for theoretical understanding and 
testing of new tools is that of charmless hadronic de- 
cays. This area will remain interesting in the era of 
Super £?. 



A. New Physics in CP violation 

1. AS measurements 

It is possible to use time-dependent CP (TDCP) 
asymmetry measurements to search for signs of new 
physics (NP) in the form of heavy particles contribut- 
ing to loop topologies and additional contributions 
from NP for tree level processes. In order for such 
a search to have a reasonable chance of seeing NP one 
has to study a mode, or set of modes, that are loop (or 
penguin) dominated. The golden channels for this type 
of measurement fall into the categories of penguin- 
dominated TDCP measurements of b — > s transitions 
and tree level b — ¥ ccs transitions. These measure- 
ments can trigger the observation of NP if the value 
of S-f — sin2/3 G ff measured in one of these decays devi- 
ates significantly from that measured in the tree domi- 
nated ccs decays like J/ipK° (S = sin 2/3), or from that 
predicted by the Standard Model (S SM ). The cur- 
rent level of such deviations AS tree = S 4 — S and 
AS penguin = gf _ SsM from the theoretically clean 

penguin (tree) modes are 2.7cr (2.1cr) from the SM pre- 
diction [12 [50], and the deviation AS f = S f - S is 
small using current data. Such tantalizing hints of a 
deviation beckons us to study this area further to see 
if these deviations are indications of NP, or if these 
effects are merely statistical fluctuations. 

The interpretation of the precise data on the TDCP 
asymmetries in terms of the CKM parameters requires 
a reasonable control over the hadronic matrix ele- 
ments. In particular, the ratio of the penguin versus 
the tree contribution has to be known from the theo- 
retical side in order to turn the measurements of CP 
asymmetries into a test of the Standard Model (SM). 



Explicitly, the typical amplitude for a non-leptonic 
two-body decay can be written as: 

A(B° /) = A [1 + r f e iS J e ie f] , (3) 

where usually A is the tree amplitude and 77 denotes 
the modulus of the penguin-over-tree ratio, which has 
a strong phase Of. The weak phase Sf is in the cases 
at hand the CKM angle 7, while the modulus of the 
CKM factors is absorbed into 77. The observables C' 
and Sf can be expressed as: 

C f = -2r/sin0/sin<5/, (4) 
— sin <p + 2r f cos 6 f s'm((f> + 6 f) (5) 
+rj sm{(t> + 28 f ), 

where <j> is the mixing phase stemming from the AB = 
2 interaction. 

The key issue in the theoretical understanding of 
CP asymmetries is the ratio rf, which for the "gold- 
plated modes" is doubly Cabibbo suppressed. How- 
ever, at the precision of a Super Flavour Factory even 
a small 77 will be observable and hence relevant for 
the analysis. 

There are basically two ways to assess the ratio 77. 
From the theoretical side one may compute 77 with a 
non-perturbative method, namely a variant of factor- 
ization (when applicable) 51 53J or try a phenomeno- 
logical estimates otherwise [5U [55] . The second possi- 
bility is to rely more on data, making use of approx- 
imate flavour symmetry relations between matrix ele- 
ments [55H5S] 2 - 

Theoretical calculations of ASf = S* — sin <p typi- 
cally produce results in the range ASf ~ 10 -3 up to 
fewxlCP 2 . Based on data there are indications that 
77 in fact can be sizable [56]. As an example, based 
on the data of B — > J/ipir one extracts values for rf 
which can be as large as 0.8, yielding shifts as large 
as AS f ~ -7% [57]. In fact the data onB^ J/tp-K 
indicate a negative shift, which would soften the cur- 
rently existing tension between sin 2/3 and V u b- 

Table [V] summarizes the precision of current mea- 
surements [BU] and SuperB extrapolations, together 
with a reference set of theoretical predictions for 
AS S [SH EJ in the SM. The NP discovery poten- 
tial deviations required at a Superi? factory to observe 
NP are also shown. Where appropriate, reducible sys- 
tematic uncertainties, and data driven bounds on the 
SM uncertainties have been scaled by luminosity from 
current measurements in making these extrapolations. 



2 In practice, these two ways are not well separated: theoretical 
approaches often use phenomenological constraints and data- 
drive approaches relies also on theory to some extent. 
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With the theoretical predictions for AS' used in 
Table |V| the golden b — > s penguin modes for this 
NP search are B° -> r/'K and B° -> K° s K° s K a s , to- 
gether with B° — > f^Kg f° r which the calculation of 
the SM uncertainty is however less accurate. Some 
interesting three-body modes, notably B° —> <f)KgTr a 
and B° —> ir a ir°Kg, presently lack an assessment of 
the theoretical uncertainty. 

One can see from the table that it is possible to 
discover NP if there is a deviation of 0.02 from SM 
expectations of sin2/3 as measured in tree decays. It is 
possible to observe a deviation of 5<7 or more of about 
0.1 in sin2/3 G ff from b — > s transitions in the golden 
modes. It is worth noting however that these conclu- 
sions may change depending on the models used for 
computing AS? . Indeed not all sources of theoreti- 
cal error are under control in these estimates and in 
some case even the sign of the correction can be model 
dependent. On the other hand, theoretical estimates 
not explicitly data-driven also rely on experimental in- 
formation to some extent and and could benefit from 
the SuperB large data set. This improvement has not 
be taken into account in Table |Vj Clearly, if Superi? 
will find significant deviations in these measurements, 
further theoretical and phenomenological work will be 
required to pin down the SM value of AS? and firmly 
establish the presence of NP. In the absence a theoret- 
ical leap in the understanding of non-leptonic decays, 
data-driven methods arc expected to play a prominent 
role. In this respect, the opportunity of measuring sev- 
eral modes with different theoretical uncertainties, but 
possibly correlated NP contributions, is a unique ad- 
vantage of Super B. 

The golden b — > d process is B° — > J/ipn from 
an experimental perspective. Yet current theoretical 
understanding indicates that the measurements of S* 
for b —> d modes are theoretically limited. 



B. Theoretical aspects of rare decays 

1. New physics in B —¥ K^*'vv decays 

Rare B decays with a vv pair in the final state are in- 
teresting probes of new physics, since they allow one to 
transparently study Z penguin and other electroweak 
penguin effects in the absence of dipole operator and 
Higgs penguin contributions, which are often more im- 
portant than Z contributions in b — > s£ + £~ decays. 
Moreover, since the neutrinos escape the detector un- 
measured, the B — > I(W +E m i ss channel can also con- 
tain contributions from other light SM-singlet particles 
substituting the neutrinos in the decay. 

The inclusive decay B —> X s vv is the theoretically 
cleanest b —> svv decay due to the absence of form 
factor uncertainties, but is experimentally very chal- 



lenging to measure. The exclusive decay B — > Kvv 
currently provides most stringent constraints on NP 
with an experimental upper bound only a factor of 
three above the SM prediction. The B — > K*vv decay 
has the advantage that, in addition to its differential 
decay rate, it in principle provides access to an addi- 
tional observable via the angular distribution of the 
K* decay products K ± ir T : the K* longitudinal po- 
larization fraction F^q 2 ), which is theoretically very 
clean since form factor uncertainties cancel to a large 
extent [63] . 

The SM predictions and current experimental up- 
per bounds are summarized in table |VT] However, for 
the modes involving a charged B in the initial state, 
it should be noted that the bounds in the rightmost 
column do not take into account an important back- 
ground from B — y tv decays with the r subsequently 
decaying to a K or K* and a (anti-)neutrino, which has 
been recently pointed out in |64j . This contribution is 
expected to be small at SuperB (roughly 15-30% of 
the SM value for B + K + vv). With data available 
at Super!? it will be possible to accurately determine 
the background contribution from B{B — > tv) decays 
and on doing so increase the precision with which we 
can extract the signal. The sensitivities quoted in the 
table are conservative for this reason. 

The b — > svv transition is governed by the effective 
Hamiltonian 



4 Gf 



v tb v*(c v L oi + c v R o» R ) 



> (6) 



where the operators are 

f^{s~l^PL,Rb){vP L v), and the C v hR are the corre- 
sponding Wilson coefficients. In the SM, C V L ~ —6.38 
and the right-handed Wilson coefficient vanishes. In 
models beyond the SM, both C V L and C R can be 
non-zero and complex; however, the two exclusive and 
the inclusive decay rates as well as Fl only depend 
on two independent combinations of these Wilson 
coefficients, which can be written as 



\c R \ 2 



| (C £)SM| 



V 



-Re(C£CJ 



\Cr\ 2 



(J) 



implying (e, t?)sm = (1, 0). This allows one to express 
the observables of b —> svv decays in a general NP 
model as 

R{B^K*vv) = (1 + 1.31 ?7)e 2 , (8) 
R(B^Kvv) = (l-2 7y)e 2 , (9) 
R(B^X s vv) = (1 + 0.097?)e 2 , (10) 
(1 + 27?) 



(Fl)/(F l ) sm = 



(1 + 1.317^ 



(11) 



where R(X) = B(X)/B(X) SM and (F L ) refers to F L 
appropriately integrated over the neutrino invariant 
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TABLE V: Current experimental precision of [60], and that expected at a SuperB experiment with 75 ab -1 of data. 
The 5<r discovery limit deviations at 75 ab -1 are also listed. The first entry in the table corresponds to the tree level 
calibration mode, and the next two sections of the table refer to b — s> s and b — > d transitions. Theoretical estimates of 
AS^ are taken from Refs. |51l 1611 fflZ\ . A long dash ' — 'denotes that there is no theoretical estimate of AS? computed yet 
for a given mode, thus the corresponding discovery limits are not evaluated. 
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0.16 
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D+D~ 


0.36 


0.05 
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TABLE VI: SM predictions and experimental 90% C.L. 
upper bounds for the four b — > svv observables. 



Observable 



SM prediction 



Experiment 



B(B° -> K*°vv) (6.8li'°) x 10" 6 [63] < 80 x 10" 6 [65] 

B(B+ -» K+vv) (3.6 ± 0.5) x 10" 6 [H] < 14 x 10" 6 [57] 

B(B X s vv) (2.7 ± 0.2) x 10" 5 [63] < 64 x 10 -5 [68] 

(Fl{B — > K*vv)) 0.54 ±0.01 [B3] 



mass 



|63j . Eq. (11) highlights an important feature 
of the observable Fl: it only depends on 77 and not 
on e. Any experimentally observed deviation from the 
SM prediction of Fl would unambiguously imply the 
presence of right-handed currents. 

In Fig. [5] the existing constraints on the e-rj plane 
are shown in combination with the hypothetical con- 
straints arising from a measurement of all four observ- 
ables with infinite precision. It is self-evident that the 
complementarity between the different modes allows 
us to over-constrain the point (e, rf). 

Concerning the size of possible NP effects in b — > svv 
decays, it is instructive to parameterize the domi- 
nance of Z penguin contributions in many models by 
a modified bsZ coupling [55] • In this way, the NP 
contributions to b — > svv transitions are automati- 
cally correlated to other b — > s transitions sensitive 
to this coupling. A particularly stringent constraint 
in this respect turns out to be the branching ratio of 
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FIG. 5: Hypothetical constraints on the e-77-plane, as- 
suming all four observables have been measured with in- 
finite precision. The error bands refer to theory uncer- 
tainties only. The green band (dashed line) represents 
B(B -» K'vv), the black band (solid line) B(B -> Kvv), 
the red band (dotted line) B(B — > X s vv) and the orange 
band (dot-dashed line) (Fl)- The shaded area is ruled out 
experimentally at the 90% confidence level. 



the inclusive decay B — > X s £ + £~. Assuming no NP 
contributions apart from the modified bsZ couplings, 
the measurement of this branching ratio implies that 
the b — > svv branching ratios cannot be enhanced by 
more than a factor of two above the SM. However, 
this bound can be weakened substantially by assum- 
ing other NP contributions to B — !• X s £ + £~, such as 
photon penguins. 
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Very large effects can in principle be obtained in 
family non-universal Z' models. If the Z' couples 
more strongly to neutrinos than to charged leptons, 
the constraints on the flavour-changing couplings from 
B — > X s £ + £~ and B s — > can be weakened or en- 

tirely absent. 

In the Minimal Supersymmetric Standard Model 
(MSSM), NP effects in the b -> svv observables turn 
out to be quite limited, even in the general, non- 
minimal flavour violating case [53] E3 • While gluino 



strong modifications of the invariant mass spectra can 
be obtained. 



2. B — > X s -y and B -> X 3 £ + £~ 

The two inclusive rare decays B — > X s -f and B — > 
X s £ + £~ are both dominated by perturbative contribu- 
tions. The relevant Lagrangian density can be found in 
Refs. [76] and [77]. The SM prediction of B{B -> X sl ) 



contributions to C V L R are strongly constrained by the for E 1 > 1.6 GeV is 



J L,R 

b — > S7 decay, tan ^-enhanced Higgs-mediated contri- 
butions to C R are also negligible once the stringent 
bound from B s — > fi + fi~ is taken into account. Visi- 
ble effects can thus only be generated in presence of a 
sizable (6^ L )^2 mass insertion by means of up-squark- 
chargino loops. Consequently, while C R (and thus Fl) 
is SM-like, the branching ratios can be enhanced or 
suppressed by at most 35% [63] . 

Spectacular NP effects can be obtained in models 
with light invisible particles produced in the b — > s 
transition, even if the b — > svv amplitude is unaf- 
fected by NP, since experiments actually measure the 
process b s + E miss . This can happen e.g. in mod- 
els with light scalar dark matter [71], light neutrali- 
nos [7U [73], light Next to Minimal Supersymmetric 
Standard Model (NMSSM) pseudoscalar Higgs [73] or 
light radions 75J. A crucial point in this case is that 



the invariant mass distributions of the b 



E„ 



decays can be strongly modified, which has to be taken 
into account in the experimental searches. In addition, 
the parameterization in Eqns. QHll) do not apply 
in this case. Therefore, a contribution from particles 
other than neutrinos to the b — > s + E m - lss observables 
would be signaled by a failure of the individual con- 
straints on the e-rj plane meeting at a single point. 

Summing up, b — > svv transitions are interesting 
probes of NP, as one can perform a theoretically clean 
study of non-standard Z penguin effects. The ex- 
perimentally accessible observables are the differen- 
tial branching ratios of B — > X s vv, B — > Kvv and 
B — > K*vv and the K* longitudinal polarization frac- 
tion F L {q 2 ) in B K* vv. In a general NP model, 
these observables depend on two real parameters, e 
and 77, which can be over-constrained by the four mea- 
surements. 

While the effects in models with minimal flavour vi- 
olation (MFV) are quite limited and in the non-MFV 
MSSM can reach at most 35%, well-motivated mod- 
els exist where much larger effects are possible, e.g.Z' 
models with family non-universal couplings. 

Since the neutrinos in the final state cannot be de- 
tected, the actual measurements probe the process 



s + E n 



which can receive contributions from 



particles other than neutrinos in models with new light 
invisible particles. In this case, spectacular effects and 



B{B -> X s7 )| B?>1 . 6 GoV = { (3.15 ± 0.23) x 1(T 

The overall uncertainty consists of non-perturbative 
(5%), parametric (3%), higher-order (3%) and m c - 
interpolation (3%), which have been added in quadra- 
ture. Ref. [75] found a different (but compatible) re- 
sult using resummation techniques, which however has 
been strongly questioned in Ref. [75] , 

This result is based on a global effort to calculate 
the perturbative corrections to the NNLL level [80T - 
[89] . There are other perturbative NNLL corrections 
that are not yet included in the present NNLL esti- 
mate, but are expected to be smaller than the current 
uncertainty, producing a shift of the central value of 
about 1.6% at maximum [79] , 

While the uncertainties due to the input parameters 
and due to the m c interpolation could be further re- 
duced, the perturbative error of 3% will remain unless 
a new major effort to compute the NNNLO is car- 
ried out. However, the theoretical prediction has now 
reached the non-perturbative boundaries. The largest 
uncertainty is presently due to non-perturbative cor- 
rections that scale with asAQcu/n^b- A local expan- 
sion is not possible for these contributions. A specific 
piece of these additional non-perturbative corrections 
has been estimated [5D], and found to be consistent 
with the dimensional estimate of 5%. More recently, 
a systematic analysis found an overall uncertainty of 
4 — 5% due to all power corrections of this kind [91] . 

Two explicit examples demonstrate the stringent 
constraints that can, with these uncertainties, be de- 
rived from the measurement of the B —> X s "f branch- 
ing fractions. 

Fig. [6] shows the dependence of B(B — > X s ^) on 
the charged Higgs mass in the 2-Higgs-doublet model 
(2HDM-II) [76]. The bound on M H + = 295 GeV at 
95% CL, shown in Fig. [6j is currently the strongest 
available lower limit on the charged Higgs mass. 

Similarly, the bound on the inverse compactification 
radius of the minimal universal extra dimension model 
(mUED) derived from B{B -s- X s j) !)2 is 1/R > 600 
GeV at 95% confidence level, as shown in Fig. [7] 

The angular decomposition of the B — > X s £ + £~ de- 
cay rate provides three independent observables, H?, 
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FIG. 6: B(B -» X s j) x 10" 4 as a function of the 
charged Higgs boson mass M H + (GeV) in the 2HDM II 
for tan/? = 2 (solid lines). Dashed and dotted lines show 
the SM and experimental results, respectively. The central 
line for each of the cases corresponds to the central value, 
and the other lines have been obtained by combining errors 
in quadrature. 




FIG. 7: Branching fraction for Eg ~ 1.6 GeV as a function 
of 1/R. The red (dark gray) band corresponds to the LO 
mUED result. The 68% CL range and central value of the 
experimental/SM result is indicated by the yellow/green 
(light /medium gray) band underlying the straight solid 
line. 



Ha, Hl from which one can extract the short-distance 
electroweak Wilson coefficients that test for NP 1551: 



d 3 r 

dq 2 dz 



l[(l + z 2 )H T (q 2 ) 

+2(1 - z 2 )H L {q 2 ) 
+2zH A (q 2 )] . 



Here, z = cos 9, where 9 is the angle between the 
£ ± and B meson three momenta in the di-lepton 
rest frame, Ha is equivalent to the forward-backward 
asymmetry, and the q 2 spectrum is given by Ht + Hi . 
The observables depend on the Wilson coefficients 
Cj ff ,Cg ff , and Cll f in the SM. 

In the B — > X s £ + £~ system, one has to remove 
contributions from cc resonances that appear as large 



peaks in the dilepton invariant mass spectrum, using 
appropriate kinematic cuts. It is conventional to define 
"perturbative windows" with s — q 2 /m 2 away from 
charmonium resonances, namely the low dilepton-mass 
region 1 GeV < q 2 < 6 GeV and the high dilepton- 
mass region with q 2 > 14.4 GeV. In these windows 
theoretical predictions for the invariant mass spectrum 
are dominated by the perturbative contributions; in 
principle a theoretical precision of order 10% is possi- 
ble. 

The calculations in B — > X s £ + £~ have achieved 
a very sophisticated level. The recently calculated 
NNLL QCD contributions [EEJ IMHTU2] have signifi- 
cantly improved the sensitivity of the inclusive B — > 
X s £ + £~ decay in testing extensions of the SM in the 
flavour dynamics sector. In particular, the value of 
the dilepton invariant mass q 2 ,, for which the differen- 
tial forward-backward asymmetries (FBA) vanishes is 
one of the most precise predictions in flavour physics 
with a theoretical uncertainty of order 5%. This cor- 
responds well to the expected experimental sensitivity 
of 4 - 6% at SuperB. 

Also non-perturbative corrections scaling with 
1/m 2 , 1/to?, or 1/m 2 have to be taken into ac- 
count. Moreover, factorizable long-distance contribu- 
tions away from the resonance peaks are important; 
here using the Kruger-Sehgal (KS) approach |103j one 
avoids the problem of double-counting. 

In the high-q 2 region, one encounters the breakdown 
of the heavy-mass expansion at the endpoint; while the 
partonic contribution vanishes in the end-point, the 
1/m 2 and 1/m^ corrections tend towards a non-zero 
value. However, for an integrated high-q 2 spectrum 
an effective expansion is found in inverse powers of 
m^ ff = m& x (1 — Vsmin) rather than mj. 

Recently, further refinements were presented such as 
the NLO QED two-loop corrections to the Wilson co- 
efficients whose size is of order 2% [104j . Furthermore, 
it was shown that in the QED one-loop corrections to 
matrix elements large collinear logarithms of the form 
log(m 2 /m 2 epton ) survive integration if only a restricted 
part of the dilepton mass spectrum is considered. This 
adds another +2% contribution in the \ow-q 2 region for 
B{B -> X s fi + n-) HP5]. This results in the following 
predictions 



(12) B(B ^ XJ+r) l0 



(1.59 ±0.11) x 10~ 6 
(1.64 ±0.11) x 10~ 6 



£ = V 
£ = e. 
(13) 

In Ref. [77] the results for the high-g 2 region and for 
the FBA were derived. The result for the branching 
ratio (BR) in the high-q 2 region reads 



B{B^X s £+£-) 



high 



'2.40xl0- 7 (r±-°; 2 ^) 
2.09 x 10- 7 (llgjg) 



£ = li 
£ = e. 
(14) 



SuperB Progress Report - The Physics - August 2010 



22 



In this case the relative impact of the collinear QED 
logarithm is about —8% (—20%) for muons (electrons) 
and therefore much larger than in the low-g 2 region 
due to the steep decrease of the differential decay width 
at large q 2 . The large error in Eq. ( 14 ) is mainly due 



to the sizable uncertainties in the parameters that en- 
ter the 0(l/r?i|) non-perturbative corrections. As was 
pointed out in Ref. |106j the error can be significantly 
decreased by normalizing the B — > X s £ + £~ decay rate 
to the semi-leptonic B — ¥ X u £v decay rate with the 
same q 2 cut. This will only be possible in the fu- presented in Eqns. ( 13 )-( 17 1 correspond to the process 
ture at a Super Flavour Factory. For a lower cut of B -> X s £ + £~ in which QED photons are included in 



might also affect the high-scale Wilson Coefficients in 
such a way that they acquire additional phases. In 
Rcfs. [771 1105j . the results for the branching ratio and 
FBA in terms of generic high-scale Wilson Coefficients 
are given. 

Two issues need further comments: (1) After includ- 
ing the NLO QED matrix elements, the electron and 
muon channels receive different contributions due to 
terms involving ln(m 2 /m 2 ). This is the only source of 
the difference between these two channels. The results 



ql = 14.4 GeV 2 this leads to [77] 



n u (§ ) 



2.29 x 1(T 3 (1± 0.13) £ = (i 
1.94 x 10~ 3 (1± 0.16) £ = e, 



(15) 



where s = q 2 /m 2 . The uncertainties from poorly 
known 0(1/ ml) power corrections are now under con- 
trol and the largest source of error is V u b- 
The zero of the FBA is found to be at 



(3.50 ±0.12) GeV 2 £ = fx 
(3.38 ±0.11) GeV 2 £ = e. 



(16) 



The error is about 3% but includes parametric and 
perturbative uncertainties only. This 3% error is ap- 
plicable only in the absence of cuts on mx- However, 
unknown subleading non-perturbative corrections of 
order 0(a s A/mb), which are estimated to give an addi- 
tional uncertainty of order 5%. It is often argued that 
especially the small \i dependence at the zero is an ac- 
cident and should be increased by hand. However, by 
comparing the NLO-QCD with the NNLO-QCD result 
one can clearly show that the [i dependence is a rea- 
sonable reflection of the perturbative error. Moreover, 
the zero is stable under change of the b quark mass 
scheme; the variation is below 2% when switching from 
IS to MS or pole scheme. There are also predictions 
for the FBA integrated over bins in the \ow-q 2 region, 
which are usually chosen to be q 2 £ [1, 3.5] GeV 2 and 
q 2 e [3.5,6] GeV 2 [77]: 



A 



(1,3.5) 

U 



A 



(3.5,6) 



(-9.09 ±0.91)% £ = n 
(-8.14 ±0.87)% £ = e 

(7.80 ±0.76)% l = n 
(8.27 ±0.69)% t = e ' 



(17) 



(18) 



These quantities already allow us to discriminate be- 
tween different NP scenarios [9"31 110411107] . Moreover, 
by also including the third independent variable in the 
double differential decay, (see Eq. (12|) in integrated 



form, one can fix both the magnitude and sign of all 
relevant Wilson coefficients in the SM and to put con- 
straints on the parameter space of NP models [53] . NP 



the X s system and the di-lepton invariant mass does 
not contain any photon, i.e. q 2 = (pi+ + p(-) 2 . This 
would be exactly the case in a fully inclusive analysis 
using the recoil technique possible at SuperS. (How 
photons are treated in the present B-factory studies is 
discussed in Ref. |108j .) 

(2) There is another important source of non- 
perturbative contributions: Measurements in the low 
q 2 region require an experimental cut on the hadronic 
invariant mass, mx < m.™ , to suppress the huge back- 
ground from b — > c(— > s£ + v)£~v transitions. The lat- 
est BABAR [TU9] and Belle [TTU] analyses use m^' = 
1.8 GeV and frig* = 2.0 GeV, respectively. The situ- 
ation is completely analogous to the inclusive deter- 
mination of | V u b | ■ The mx cut causes the rates to be 
sensitive to the B meson shape functions |111[I112] . in- 
troducing hadronic uncertainties that can easily spoil 
the sensitivity to NP in this decay. (The large q 2 re- 
gion is unaffected by the mx cut.) 

At present, the mx cut is taken into account by 
extrapolating the measurements to the full mx range 
using MC based on a Fermi motion model. This ex- 
trapolation is not reliable and can give at best a rough 
estimate of the effect of the mx cut. At SuperB, mea- 
surements of B —¥ X s £ + £~ will reach comparable pre- 
cision as the current B — > X s j and B — > X u £v mea- 
surements and will thus require the same level of rigor 
in dealing with hadronic shape function effects. 

At leading order in AQcv/mb, the cut on mx leads 
to a 10% — 30% reduction in the rate, which to a good 
approximation is universal among the different short 
distance contributions [1111 1112] . An accurate calcu- 
lation of the cut rate requires good knowledge of mb 
and the shape function, which will become available 
from measurements of B — > AT, 7 and B — > X U £D, as 
explained in Section. |3 D 1[ 

At subleading order in AQcn/mb additional correc- 
tions due subleading shape functions arise [113] - Very 
little is known about the subleading shape functions, 
which at present causes an irreducible hadronic un- 
certainty. Their effects were estimated in Ref. [113] 
by scanning over a range of models (so the estimates 
should be taken with caution). Depending on the ob- 
servable and the value of the mx cut, the subleading 



SuperB Progress Report - The Physics - August 2010 



23 



shape functions induce corrections in the rates relative 
to the leading-order result anywhere between —10% 
to +10% with equally large uncertainties. They also 
break the universality in the different short distance 
contributions, causing a shift of about -0.05 GeV 2 to 
-0.1 GeV 2 in the zero of the forward-backward uncer- 
tainty with an equally large uncertainty. 

Hence, the current theory uncertainties from non- 
perturbative corrections in the low q 2 range are above 
10%. They can be decreased by raising m™*, which 
however will cause an increase in the experimental un- 
certainties. With the full Superi? data set, it may 
be possible to push the non-perturbative uncertainties 
well below the 10% level by constraining both the lead- 
ing and subleading shape functions using the combined 
B -> A s7 , B -> X u £u, and B -> X s £+£- data. 

More details on the subjects of this section can be 
found for example in Ref. |114) . 



3. Angular analysis of B — > K*l + l 

Few modes are able to provide such a wealth of in- 
formation as the decay mode of B — >• K*l + l~ , ranging 
from FBA |115j . isospin asymmetries |116j to angular 
observables |117H120] . Each of these observables con- 
structed can provide information on a different type 
of NP, isospin breaking, right-handed currents, etc. In 
this sense exploring this mode at a Superi? machine is 
a worthy effort. One of the most interesting observ- 
ables are those coming from the angular distribution. 

One can analyze in full detail the 4- body decay dis- 
tribution of the B — !• K*(-t Kir)l + l~ in the context 
of QCD Factorization |121) designing a new method to 
construct observables based on three steps. First, use 
the spin amplitudes of the K* as the key ingredient. 
Second, construct a quantity with these spin ampli- 
tudes that maximizes the sensitivity to a certain type 
of NP (right-handed currents for example), canceling 
at the same time, the dependence on the poorly known 
soft form factors at LO. This later point is inspired in 
a way in the idea of the zero of the FBA. This particu- 
lar point of the Afb has attracted a lot of interest due 
to its cleanliness given the cancellation of form factor 
dependence at LO. The angular observables A^jAj, 
and A% and defined by [!T7lfTT9]: 



T 1/1.12 



IAii 



A (3) _ 



\A 0L Al L + A* m A\ ]R \ 



,(4) _ \A 0L A* ±L 

JXrp 



A* 0R A ±r\ 



\A* 0L A {] 



AorA* 



exhibit this quality in the full q 2 region and not just 
at a single point. Finally, the third step for the con- 
structed quantity to be considered an observable (in 



this context an observable is a quantity that can be 
extracted from the angular distribution), is that this 
quantity fulfills all the symmetries of the distribution. 

This last point is one of new fundamental ingredi- 
ents in this procedure |120) . This requires the iden- 
tification of all four symmetries |120) of the 4-body 
decay distribution in the massless case. And those 
are precisely the symmetries that the quantities con- 
structed should respect. The identification of the sym- 
metries |120) allows one to explicitly solve the spin am- 
plitudes in terms of the coefficients of the distribution. 
An interesting byproduct of this is a highly non triv- 
ial constraint between the coefficients of the 4-body 
distribution, considered before as independent param- 
eters, that should be fulfilled in the SM when leptons 
are taken to be massless. 

It is important to remark that the new observables 
that can be easily obtained from a full angular distri- 
bution analysis at Superi? have a huge sensitivity to 
right-handed currents driven by the operator O f 7 , to 
which Afb is blind, and they all have only a mild de- 
pendence on soft form factors. In particular, A\ con- 
tains all the information of the FBA and more. The 
zero of the Afb occurs also in A\ at the LO in the 
same position and the absence of a zero affects both 
observables in the same way. Moreover, A\ exhibits 
a maximal deviation from the SM prediction that is 
approximately zero, for certain types of models in the 
region between 1 and 2 GeV 2 . 

Theoretical uncertainties in those exclusive modes 
are always larger than in the corresponding inclusive 
modes due to the well-known problem that Ajm^ can- 
not be calculated within QCD factorization. This ob- 
viously restricts the new-physics sensitivity of those 
exclusive modes compared to the corresponding inclu- 
sive ones [119J. 



I B -> X d j and B -> X d £ + £~ 

The rare decay modes b — » and b — > d£ + £~ offer 
an interesting phenomenology which is complementary 
to the corresponding b — ¥ s transitions. The corre- 
sponding effective Hamiltonian is 



H cS (b -> q) 



i=l 



-e,X;^(M)(Oi(M)-O?0i)) 



(19) 
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where the relevant operators are 

Oi = (q L ^T a c L )(c L ^T a b L ) 
0\ = (q L l»T a u L ){u L rT a b L ) 

O u 2 = (q Ll ^u L ){u L rb L ) 

7 = e/{167T 2 )m b (n){q L a^b R )F^ 

8 = g s /{\Q^)m b {p){q L T a a^b R )G a ^ , (20) 

and once again the Ci are Wilson Coefficients. The 
decisive difference between b — > d and b — > s decays 
is the size of the respective e q = (V ub V* q ) / (V tb V t * q ) , 
which are 



v„ h v- 



-\ 2 {p-ifj) ~ -0.01 + 0.02 i, 



17] 



1 — p — ir/ 



-0.02 + 0.42 i. (21) 



As a consequence CP asymmetries are tiny in b — > s, 
but sizable in b — > d transitions, as we will see below. 
Moreover, due to the democratic pattern of the CKM 
elements, up-quark loops play an important role in 
b — > d transitions. Their QCD corrections are known 
at two loops [122[ 1123] . But also non-perturbative 
power-corrections have to be taken into account. The 
1/tti 2 . corrections are known and well under control, 
whereas the contributions to the u quark loops have 
been shown to be order 0(4qcd/wi{,) |124j . However, 
a recent systematic analysis of power corrections |91j 
has found that the contribution due to the operator 
0\ in interference with the operator O7 vanishes in 
the total rate; thus, there is no additional uncertainty 
due to the u quark loops any longer, and the decay 
rate of B — > Xdl is as theoretically clean as the decay 
rate B — > X s j. The complete effect of power correc- 
tions on CP asymmetries is not estimated yet. For this 
purpose the systematic analysis in Ref. [HI] has to be 
extended. 

The inclusive decay B — > Xdl has been studied at 
various places in the Literature. The theoretical pre- 
dictions for the branching ratio B[B -+ X d i] for pho- 
ton energies E 7 > 1.6 GeV are (12^ . 1126 ] 



B[B^X dl ] = 

B[B -» X dl ] = 
B[B^X sl ] 



1.38 



+0.141 
-0.21 



±0.09 

param. 



± 0.15CKM 

• 10" 5 , 



3.82 



+0.11 1 

-0.18 



±0.42 



CKM 



±0.08 

param. ± 0.15 sca i c 



• 10- 



(22) 



where the errors in the ratio in Eq. ( 22 1 are dominated 



by CKM uncertainties. Similar numbers are found by 



a second analysis |127l 1128] 

1.3- 10 -5 , 



(B(B 
(B(B- 



• Xdl)) 
X d l)) 



(B(B -> X„i)) 



|A*| 2 
3.6-10" 



D t \Xt\ 2 



Dr Re(£ t *£«) 



M 2 



(23) 



Here (B(B — > Xdl)) always denotes the charge- 
conjugate averaged branching ratio, Xi = Vi b V* s and 
£i = VibV* d are combinations of CKM elements, and 
the Di are functions of m t , m bl m c , p b , and a s . 
The SM predictions for the direct CP asymmetries 



Ab-xn 



T[B -+ X ql ] - T[B -+ X ql ] 
T[B^X ql ]+T[B^X ql ] 



are ^25l[T26] 



^CP — 



0.44 



+0.15 
-0.10 



™ c ± 0.03cKM _o 



+0.191 



09 I scale 



.4 



b— f dj 
CP 



- 10.2 



+2.4 1 
—3.7 1 



± 1.0 



1-2.11 



CKM -4.4 I sca i c 



,% 
% . 



The additional parametric uncertainties are sub- 
dominant. Again, a second analysis finds similar re- 

suits pnrrsg] 



Ab-tSf 

^CP 



^CP 



Im(A t *A M )A 
\Xt\ 2 D t 

I6I 2 A 



0.5%, 



-13% 



(24) 



The radiative FCNC processes exhibit yet another in- 
teresting quantity, which can serve as a Null test of the 
SM, namely the unnormalized, untagged B —> X s+d 7 
CP asymmetry. This quantity vanishes in the U-spin 
limit m s = md |129j . and hence in this limit and for 
real Wilson coefficients one has 



[T(B^X sl ) 
[T{B^Xdi) 



T(B 
T(B 



Xsl)] 

Xdl)] 



+ 



0. 



(25) 



The size of the untagged B — > X s+ d 7 CP asymmetry 
is a measure of U-spin breaking. In the SM within the 
partonic contribution one finds [1301 1131 j 



\AB{B -> X s j) + AB{B -> Xdi) \ ~ 1 • 10" 



(26) 



Power corrections beyond the leading partonic contri- 
bution are expected to be small, since U-spin breaking 
in 1 /m 2 corrections bring up a factor of m 2 / m 2 . This 
is also shown for the non-perturbative corrections to 
the u quark loops which scale like AQcv/m b |131j . We 
therefore conclude that any sizable value of the un- 
tagged B — > X s+ di CP asymmetry is a direct signal 
for NP. 

The untagged B — > X s+ d 1 CP asymmetry also of- 
fers the possibility for interesting analyses in NP mod- 
els. For example, the experimental accuracy of the 
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untagged CP asymmetry at the current B-factories is 
±3%, which allows one to distinguish between MFV 
and more general flavour models, where the untagged 
CP asymmetry can reach ~ 10% |126) . However, a dis- 
tinction between MFV with and without flavour-blind 
phases not possible at existing B-factories, but within 
reach of a SuperB facility, see Fig. [8j 



, „ 10 




■4 
■6 
■8 
-10 
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A b ^ dy (%) 

FIG. 8: Untagged rate asymmetry in MFV with flavour- 
blind phases with (black/dark) and without (green/light) 
neutron and electron EDM constraints imposed [126] . 



The inclusive rare decay B — > Xd£ + £~ offers, just 
as in the case of b — > s transitions, a complementary 
test of the SM compared to B — > X^J, since due to 
the three-body final state and the presence of the axial 
current the kinematic structure is richer. This results 
in three independent functions of the di-lepton invari- 
ant mass q 2 , two of which are the differential branching 
ratio and the FBA [93 a . Just as in the b — > s case, one 
distinguishes several windows in q 2 . The low-g 2 win- 
dow 1 < q 2 < 6 GeV 2 is dominated, due to the local 
OPE, by the quark-level decay and its perturbative 
corrections. The p, lu, and cc (J/ip, resonances 
are cut out in this window, and the effect of their re- 
spective tails can be taken into account within the KS 
approach |132| . This way on-shell up-quark loops can 
be avoided. A systematic analysis of power correc- 
tions would be desirable. The differential branching 
ratio integrated over the low-g 2 window is |122) 

0.25 

ftqwk = / ds i? quark = (4.75 ± 0.25) x 10" 7 . 

0.05 

This number is without power corrections and without 
taking into account resonances. A very preliminary in- 
vestigation of the feasibility of studying B —> Xd £ + £~ 
at SuperB looks promising. 



C. Experimental aspects of rare decays 

1. B-fK^vv 

The recoil technique has been developed in CLEO, 
and subsequently adopted by both BaBAR and Belle, 
in order to search for rare B decays with undetected 
particles, like neutrinos, in the final states. This tech- 
nique consists of the reconstruction of one of the two 
B mesons (the B tag ) in a hadronic or semi-leptonic 
final state, and the search for the signal decay of the 
other B (the B S i g ) in the rest of the event. The re- 
construction of the B tag allows one to select a pure 
BB sample. Having identified the B tag , everything in 
the rest of the event by default is the B sig candidate, 
and so this technique provides a clean environment to 
search for rare decays. 

Since the typical efficiency of the B tag reconstruc- 
tion is below 1%, the use of this technique at the 
present B-Factories is almost limited to the search for 
rare decays with undetected particles like neutrinos 
in the final state, where strong kinematic constraints 
are missing. On the other hand, the larger statistics 
available at SuperB would make this technique conve- 
nient also for the search of other rare decays, where 
the high purity of the BB sample selected with the re- 
coil method would provide a high level of background 
suppression. 

We have investigated the potential of using the re- 
coil technique at SuperB and studied in particular the 
vv decays. This channel is an interesting 
probe for NP in Z° penguins such as chargino- 
up-squark contributions in a generic supersymmetric 
model. Moreover, due to the presence of undetected 
neutrinos in the final state, the experimental signature 
of these decays is B -> K^*'+ missing energy, so that 
the measured decay rate is sensitive to exotic sources 
of missing energy, such as light dark matter [71) or 
"unparticles" [1531 ITM] . 

In this analysis, the B tag is reconstructed in the 
hadronic modes B — > D^X, where X — nn + mK + 
pK s + qir° and n + m + r + q < 6, or semi-leptonic 
modes B — > D^*'£v, where £ = e, \i. In the search for 
B — > Kvv, the signal is given by a single track identi- 
fied as a kaon. In the search for B — > K*vV, we look 

for a K* in the K*° -> X+tt", K*± -> K^n* and 
K *± _j. K ± n o mo( i es . 

The SuperB fast simulation has been used to sim- 
ulate signal events in the SuperB and BAB4R setup. 
This test showed a 20 to 30% increase in the efficiency 
at SuperB relative to BABAR, depending on the fi- 
nal state, mainly provided by the larger acceptance 
due to the lower T(AS) boost. The simulation of BB 
events, where one of the two B mesons decays semi- 
leptonically and the other generically, showed that a 
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10% reduction in this important background source is 
also possible in the semi-leptonic recoil analysis. Based 
on these observations, we estimate a 20 to 30% increase 
in the S/ y\E) ratio, where S and B are the signal and 
background yields, respectively. 

The results in Table |VI| have been used to update 
the study presented in [3j . The expected sensitivity to 
vv is shown in Fig. 9 The 3cr observation 
of the B — > KvV decay is expected with a data sample 
of 10 a6 -1 , while 50 a& -1 will be needed to observe 
B — > K*vv decays, assuming the branching fraction 
occurs at a rate consistent with SM-based calculations 



(See Table VI) 
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FIG. 9: Expected precision of the measurements of the 
branching fractions of (top) B + — > K + vu and (bottom) 
B* — > K*vV evaluated as a function of the integrated lu- 
minosity. 



We also investigated the feasibility of an angular 
analysis of the B — > K*vv decay. Along with the 
measurement of the Branching Fractions, this analysis 
would provide a constraint for the two parameters e 
and p given in Eq. [7J 



In the angular analysis, the distribution of the co- 
sine of the angle 6 between the K* flight direction 
in the B S i g rest frame and the K flight direction in 
the Kit rest frame has to be studied. At least in the 
hadronic analysis, the B S i g rest frame can be deduced 
from the fully reconstructed B tag , and 9 can be easily 
determined. From toy MC studies, neglecting cos(f?) 
resolution effects and assuming a flat background on 
cos(#), we estimated that the B° —} K*®vv channel in 
the hadronic recoil could provide an error of about 0.3 
on the parameter < Fl > with 75 ab -1 of data. The 
combination of this information with the measurement 
of the branching ratios would provide a constraint in 



the plane (e, 77), as shown in Fig. 10 where NP would 
show up as a deviation from the SM values (1,0). 
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FIG. 10: Expected constraint on the (e, 77) plane discussed 
in Section |3 B 1| from the measurement of the Branching 
Ratios of B — > K^*'uV and the angular analysis of B° — > 
K*°uV at 75 afe" 1 (See Figure^. 



In summary, in the search for rare B decays at 
SuperB, the high BB statistics would enable one to 
consider using the recoil technique, consisting of the 
full reconstruction of one of the two B mesons in a 
hadronic or semi-leptonic mode, and the subsequent 
search for a signal in the rest of the event. By using 
the recoil technique one will loose signal efficiency, but 
in return be able to identify and reconstruct signal and 
a very clean environment. We have investigated the 
reach of Super £? in the search for the B — > K^vV de- 
cays in both semi-leptonic and hadronic recoil samples. 
Preliminary results based on the SuperB fast simula- 
tion have shown that a 10 to 30% improvement in the 
sensitivity with respect to the BABAR setup is possible, 
allowing for a 3cr observation of the i3 0,± — > K^^^vv 
decays. An angular analysis of the decay will also be 
feasible. 
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2. B ^ Iv and B -> ivy 

One of the most important applications of the re- 
coil technique (tag reconstruction method) described 
in the previous section is in the search for B + — > T + iy, 
where the presence of two or more neutrinos in the 
final state effectively eliminates any meaningful kine- 
matic information that can be used to identify the sig- 
nal decay 3 . Searches performed to date have therefore 
utilized the tag reconstruction method (both hadronic 
and semi-leptonic tags), relying on signal topology for 
the selection, exploiting the low particle multiplic- 
ity of the signal decays compared with background 
events. After a cleanly- reconstructed tag B has been 
selected, the event is required to possess either one or 
three additional charged tracks, particle ID require- 
ments are imposed to distinguish between hadronic 
and leptonic r decay candidates, then mode-specific 
constraints are imposed on the presence of neutral en- 
ergy in the calorimeter. The limitation on this tech- 
nique is ultimately imposed by systematic uncertain- 
ties on the background resulting from knowledge of the 
background track multiplicity and calorimeter "extra 
energy" distributions. The extra energy distribution 
is particularly problematic, since it relies on excellent 
understanding of low energy clusters resulting from di- 
verse sources including beam backgrounds, hadronic 
cluster "split-offs" , neutral hadrons etc. One advan- 
tage that SuperB has over the existing B Factories 
in this respect is the ability to validate the MC mod- 
eling of the extra energy using "signal-like" exclusive 
decay control samples, e.g. by plotting the extra en- 
ergy distribution for events in which a clean B — > K*j 
or similar event has been reconstructed in addition to 
the tag B. With the existing B factory data sets, 
this technique does not yield sufficient statistics for 
meaningful studies. However at SuperB this ability 
is expected to permit B + — > t + v branching fraction 
measurements to remain statistically limited even with 
the full SuperB data statistics. 

One can find a brief theoretical overview of the 
B ->• Iv channels in Ref. 0. Both in the SM and 
in the generic 2HDM, the ratios of leptonic branching 
fractions is given simply by the ratio of final state lep- 
ton masses squared. It is therefore extremely useful 
to have a good measurement of not only B + — > r + ^, 
but also B + — > /i + z/ in order to provide an internal 
consistency check of these measurements. This is par- 



3 This is actually not quite true. Leptonic r decays from 
B + — > t + u preferentially produce low momentum electrons 
and muons, while t + — > n + u T produces high momentum pi- 
ons. To date, neither BABAR nor Belle has explicitly incorpo- 
rated this feature into their studies. 



ticularly important given the current ~ 2a discrep- 
ancy between V u b measurements, the CKM fit exclud- 
ing V u b and B + — > t + v. B + — > n + v results have 
been reported by both BABAR and Belle (using un- 
tagged analyses) with resulting branching fraction lim- 
its which are within about a factor of two of SM ex- 
pectations. In addition a first study has been pub- 
lished by BABAR using the hadronic tag reconstruction 
method. The tagged and untagged approaches are 
complementary and both are expected to yield clear 
observations of B + — > fi + i/ with Super B luminosity. 
Due to the cleaner signal signature in this mode, it 
is likely that the ultimate precision on B + — > fi + v 
will be similar to B + — > t + v. BABAR has recently ex- 
tended the B + — > l + v (£ — e, /i) to include the radia- 
tive decay B + — > £ + v"f using a hadronic tag method. 
Although this analysis suffers from limited statistics 
with the BABAR dataset, the additional kinematic con- 
straints which are available with this method (as well 
as improved over continuum backgrounds) permit an 
almost background free signal selection, although at 
the cost of signal efficiency. This method is expected 
to have sensitivity to the SM rate well within the nom- 
inal SuperB luminosity range, and it will be impor- 
tant contribution toward a precision determination of 
B + — » l + v as in the limit of small photon energy this 
radiative mode becomes an important component of 
the B + — > i + v signal. 

3. Experimental aspects of B — > X s ^ 

In the B factory era, B — > X s "f has been an ex- 
tremely important channel for searching for NP and 
for constraining new models that go beyond the SM. 
The inclusive branching fraction for this decay is not 
small (~ 3 x ICP 4 ) and several measurements have 
been made at BABAR and Belle during the B-factory 
era [135 138J . Currently the experimental world- 
average [60] has a total uncertainty of 7%: 

B(B -> X sl ) = (3.52 ± 0.23 ± 0.09) x 10~ 4 . (27) 

This branching fraction is for E y > 1.6 GeV, where 
theoretical models have been used to extrapolate from 
the experimental photon energy cut, typically ~ 1.9 
GeV, down to 1.6 GeV. The uncertainties quoted are 
experimental (statistical plus systematic) and model 
uncertainty inherent in the extrapolation. 

At the same time, theorists have carried the calcu- 
lation of the branching fraction to NNLO, resulting in 
a quite precise theoretical calculation of B(B — > X s -f) 
within the SM [7S]: 

B(B -> X s j) — (3.15 ± 0.23) x 10~ 4 , (28) 

which also has a total error of 7%. The experimental 
and theoretical values are in reasonable agreement. 
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Part of the experimental challenge has been to make 
the most inclusive measurements possible, in order 
to compare them to the inclusive theoretical calcula- 
tion without introducing excessive model dependence. 
The earliest measurements used the "sum of exclu- 
sive modes" technique, whereby a large number of 
individual exclusive decay channels are fully recon- 
structed. This approach is easier experimentally, but 
the large systematic uncertainties associated with the 
unseen modes will make this technique obsolete at the 
SuperB. 

The alternative approach is the fully inclusive 
method, which attempts to make no requirements 
whatsoever on the X s system, thereby making the 
branching fraction measurement fully inclusive. The 
one exception is making a cut on photon energy (which 
is equivalent to selecting on m(X s )), although much ef- 
fort is devoted to keeping the photon minimum energy 
as low as possible. 

The fully inclusive approach can adopt the recoil 
tagging technique to identify the "other" B in the 
event i.e. the B tag from the T{AS) (as described 
above) in order to reduce the large continuum back- 
ground. At the B-factories, the lepton tagging method, 
which has an efficiency of roughly ten times the 
hadronic tag efficiency, has proved more useful. How- 
ever, at the Superi? factory, where there will be a 
very large number of reconstructed hadronic tags, this 
method will make an important contribution to the 
measurement of B(B — > Xgj). 



Figure 11 shows the efficiency-corrected photon 
spectrum from Belle's recent measurement. This fully 
inclusive analysis is based on combining a lepton- 
tagged sample and an untagged sample. The large 
uncertainties visible at lower energies are caused by 
the systematic uncertainty in the BB background sub- 
traction. 

At the Superi? the uncertainty on the branching 
fraction measurement will be dominated by the sys- 
tematic error — we estimate that a systematic error 
of 3% will be achievable at Super B. 

NP can also modify the direct CP asymmetries of 
B — > X s y decays and these asymmetries have been 
measured at the B-factories, although with still large 
statistical errors. The increased statistics available at 
the SuperB factory will make these CP asymmetries 
important tools in the search for NP. Experimentally, 
different analysis approaches measure different asym- 
metries. 

The fully inclusive analyses do not distinguish the 
Cabibbo-suppressed process B — > X^y from B — > X s j, 
and so measures the asymmetry of the sum: Acp{B — > 
X s+ dl)- The sum of exclusive-modes analysis does 
measure AcpiB — > X s "/) and with good precision, 
since many of the systematic effects cancel in the asym- 
metry ratio. However, since this measurement is not 
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FIG. 11: Efficiency-corrected photon spectrum for B 
X 3 y decays. Taken from reference 



TABLE VII: Selected experimental results on Aqp from 
the B-factories. The first uncertainty listed is statistical, 
the second systematic. 



Quantity 




Result 


A C p{B -) 




-0.011 ± 0.030 ± 0.014 |T35] 
0.002 ±0.050 ±0.030 [140] 


A CP (B^ 


X B+d j) 


-0.11 ±0.12 ±0.02 [137] 
0.10 ±0.18 ±0.05 [138] 


A C p(B^, 


K*j) 


-0.003 ±0.017 ±0.007 Ul 



truly inclusive (typically about 50% of the inclusive 
rate is reconstructed), there may be problems inter- 
preting the result and comparing to the SM theoretical 
calculation for the inclusive process. The most precise 
Acp measurements to date have been made with the 
exclusive channel B —> K*j. 

Selected experimental results for these asymmetry 



measurements are reported in Table VII The SM pre- 
dictions for each of these quantities is quite close to 
zero, so any measurement of a substantial asymmetry 
would be an indication of NP [HH QH Q33] . We note 
that currently the experimental measurements have 
small systematic errors, making them very attractive 
for the high-statistics environment of Superi?. 

Another quantity related to the b — > sy channel 
is the time-dependent CP asymmetry in the decay 
B° — s- K s ir°j. In the SM the photon is this decay 
has, to order ~ m s /m,b, definite helicity: b — ¥ syp and 
b — > sjp. This results in quite small CP- violation in 
this decay, with the SM expectation being Sk s k ~{ ~ 
0.02 [1441 1145] , A larger observed value would be an 
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indication of NP. The latest BABAR measurements has 
found S Ks „o y = -0.03 ± 0.29 ± 0.03 [HB]. Again, we 
remark that at Superi? we can expect a reduction in 
the statistical error of roughly a factor of 10, mak- 
ing this measurement, with its small systematic un- 
certainty, a powerful probe of physics beyond the SM 
at the SuperB factory. 

It is interesting to compare what LHCb will be doing 
with the 6 — > S7 channel in the next few years. Most 
LHCb studies on radiative penguin decays thus far 
have focused on the related channel B — > K^*> fi + fx~ , 
They will not be able to perform an inclusive measure- 
ment, and so have focused on a few exclusive analyses 
such as time-dependent CP asymmetries in B — » if* 7 
and its B s analog, B s — > (fry. This last is of particular 
interest since it cannot be done at SuperB (assum- 
ing that only a relatively small number of B s mesons 
will be produced there). An LHCb MC based study 
reports that with an integrated luminosity of 2 fb , 
some 11,000 B s —> <fi-f will be reconstructed. With 
this sample, a precision of 0.2 on A A , the relevant CP- 
violating parameter for this mode, is expected [147] . 

In summary, the radiative penguin process B — > 
X s j has played a crucial role in searching for physics 
beyond the SM at the B factories. This channel will 
continue to be important at the SuperB factory, where 
the increased statistics will quickly yield a branching 
fraction measurement with a total uncertainty close to 
3%. Furthermore, the large Super B data sample will 
make possible precision measurements of direct CP- 
violating asymmetries for inclusive B — > X s j, as well 
as time-dependent CP- violation in the exclusive mode 
B ->■ if s 7r°7. 



4- Inclusive and exclusive b — > si i 

The study of exclusive and inclusive rare semilep- 
tonic decays, B —> X Si d£ + £~, where £ + £~ is either 
e + e~ or /i + fi~, is an important task for a SuperB fac- 
tory. 

In the exclusive decays B —> K£ + £~~ and B —> 
K*£+£~, both BABAR p3El [[49] and Belle [150] mea- 
sured branching fractions (£>), CP asymmetries (Acp), 
isospin asymmetries (Ar), /i + /i~/e + e - ratios (JZ K {,)), 
the K* longitudinal polarization (J 7 /,) and the lep- 
ton FBA (Afb) in several q 2 bins. BABAR [151 and 
Belle |152j also searched for B it£ + £~ and B -» 
p£ + £~. Both experiments measured partial branch- 
ing fractions in the inclusive mode in several q 2 bins 
[1091 1153:. where B — > X s £ + £~ was approximated by a 
sum of 20 (36) exclusive final states in BABAR (Belle). 
BABAR is presently working on an update with the full 
data set using 28 final states. Here, the decay model 
uncertainty is reduced to 10%. 



Another inclusive approach consists of reconstruct- 
ing one B meson fully in an exclusive final state and 
looking for an £ + £~ pair in the recoil. The advantage 
is that no assumptions have to be made on the X s £ + £~ 
final states, thus this is a true inclusive measurement. 
The disadvantage is that the B tagging reduces the 
total selection efficiency. Using both hadronic tags 
and semileptonic tags, the tagging efficiency can be 
up to 1.75%. The B reconstruction removes semilep- 
tonic backgrounds from the opposite B and from DD. 
Additional requirements are necessary to remove back- 
grounds from B semileptonic cascade decays of the 
signal B. Residual semileptonic backgrounds can be 
subtracted bin- by-bin using ane-fi data sample. Fur- 
thermore, the B — > Xd£ + £~ contribution also needs to 
be subtracted. 

The best approach to B — > K*£ + £~ consists of a 
measurement of the full angular distribution in several 
q 2 bins. In the present B — > K*£ + £~ analyses, the 
one-dimensional angular distributions in cos 0k and 
cos0£ are used to extract ^(g 2 ) and Afb{<1 2 )- In 
the SM Afb crosses zero around 4.2 GeV 2 /c 4 [TTB] . 
The <p distribution allows two additional asymmetries, 
Ai m {q 2 ) an interference between transverse and longi- 
tudinal components and A^\q 2 ), an asymmetry be- 
tween transverse and parallel components [154] . At 
SuperB, we collect enough events to measure the full 
angular distribution and extract all its nine coeffi- 
cients, which are functions of q 2 |154j . In addition, 
we have sufficient sensitivity to examine the cos 0g dis- 
tribution for scalar and pseudoscalar contributions. In 
particular B — > K£ + £~ is rather sensitive, since Afb 
vanishes in the SM. In the inclusive analyses, we will 
explore the cos 0g angular distribution and determine 
the functions Hxiq 2 ), H^q 2 ) and B^g 2 ) [S3] m sev- 
eral q 2 bins. 

Since the SuperB detector will be an improvement 
on BABAR detector, we focus on BABAR measure- 
ments and scale statistical errors to a luminosity of 
75 ab _1 by \/^BaBArJ^^ a ^ >1 m order to be con- 
servative. For decay rates and rate asymmetries of 
exclusive modes, we use the BABAR publication [148) . 
For Fh(q 2 ) and Af\b(<7 2 ) in B K*£ + £~, we use a 
recent study based on the total BABAR luminosity of 
425/&" 1 assuming B(B -> K£ + £~) = 0.48 x 10~ 6 and 
B{B -> K*£+£-) = 1.15 x 10~ 6 . The present statisti- 
cal uncertainties of decay rates and rate asymmetries 
of the sum of exclusive decays are obtained from an- 
other recent BABAR study based on 425/6 -1 assuming 
B(B -> X s £+£~) = 4.5 x 10" 6 . The statistical uncer- 
tainty in the fully inclusive mode is obtained by scaling 
that in the sum of exclusive modes by the square root 
of the ratio of expected events in the two approaches. 
Since we have no studies on inclusive angular analy- 
ses yet, we base our estimates for H L (q 2 ) and H^iq 2 ) 
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on the Ji(g 2 ) and Afb(q 2 ) results measured in the 
B — > K*£ + £~ angular analysis. 

Table [VTTT] shows event yields for the different decay 
channels at the BABAR luminosity of 425 fb" 1 and ex- 
trapolations to 75 ab~* for SupcrS. The statistical 
and systematic uncertainties of branching fractions, 
rate asymmetries and angular observables in differ- 
ent regions of q 2 for B -> K£+£~ and B K*£+£~ 
at BABAR (425 and extrapol ation s at Super B 

(75 ab _1 ) are summarized in Table IX and Table [xj 
respectively. Table |XI| shows estimates of statistical 
and systematic uncertainties of corresponding observ- 
ables in the B — > X s £ + £~ analyses. 

The systematic errors for observables in the exclu- 
sive modes are taken from the latest BABAR publi- 
while the systematic error of the 



cations [1481 H49] 
branching fraction in the sum of exclusive modes is es- 
timated by adding in quadrature the individual contri- 
butions with updated values. For the cross feed, mul- 
tivariate selection, and fitting systematics we assume 
3%, 2% and 1.4%, respectively. These values are cho- 
sen after comparing systematic errors of the analysis of 
the sum of 20 exclusive modes 109 with those in the 
exclusive modes. This amounts to a total systematic 
error of 5.6% in the branching fraction. The system- 
atic error of the total branching fraction of the fully 
inclusive mode is estimated by adding in quadrature 
contributions from tagging, tracking, lepton identifica- 
tion, event selection, background parametrization, fit- 
ting, and total number of B mesons. For the present 
BABAR data set, we estimate a systematic error of 6%. 
The systematic errors of the partial branching frac- 
tions, rate asymmetries and angular observables are 
assumed to scale in a similar was as the total branch- 
ing fraction in B — > K*£ + £~ . 

At Super!?, both exclusive and inclusive b — > s£ + £~ 
modes will be measured with high precision. For exam- 
ple, for an integrated luminosity of 75 ab _1 , we expect 
to observe 8,200 selected B — > K*£ + £~~ signal events 
in the low q 2 region (< 8 GeV 2 /c 4 ) and 5,500 selected 
signal events reconstructed fully inclusively with the 
recoil method. Thus, for both inclusive and exclusive 
decays we have sufficient statistics to measure the q 2 
dependence of branching fractions and angular observ- 
ables. For most observables, the statistical precision 
will be around one per cent or below. Thus, these 
measurements will be systematics limited. Reducing 
the q 2 region to 1 GcV 2 /c 4 < q 2 < 6 GeV 2 /c 4 yields 
an increase in the statistical uncertainty by a factor 
of 1.3 for rate asymmetries and by a factor of 1.38 for 
angular observables. 

For B — > tt£ + £~ , we expect about 700 events in the 
entire q 2 region at 75 ab" 1 . We find the same result 
whether we scale the results of a previous analysis or 
whether we adjust the K£ + £~ results by |Vi S /Vtd| 2 = 
0.206 2 obtained from B s and B^ mixing. Using the 



latter scaling for K*£ + £~ results, we expect about 800 
p£ + £~ signal events in the entire q 2 region at 75 ab _1 . 
Using the recoil method, we also expect a sizable sam- 
ple for B — > Xd£ + £~ modes. From both exclusive and 
inclusive modes we can determine |Vfd/Vt s |. Super B 
should also be able to discover the exclusive modes 
B -s- K+t+t- axid B K*°t+t~. Thus, at SuperB 
there is a great potential to see NP at the order of 
0(0.1). 

At the expected design luminosity of 2 fb' 1 
per year, the LHCb experiment expects to observe 
4,000 K*°(-^- K + n~)ii + [i~ events with a background 
of 1,000 events in the q 2 region 4m 2 < q 2 < 
9 GeV 2 /c 4 |155j . This yields a large sample to per- 
form a full angular analysis and determine the nine 
coefficients Ii{q 2 )- In a recent study, LHCb focussed 



on the observables Afb, J~l, Ai m and A 



(2) 



For 



10 integrated over the q 2 region 1 GeV 2 /c 4 < 

q 2 < 6 GeV 2 /c 4 , LHCb estimates statistical un- 
certainties of <t Afb = (+0.0047,-0.0050), = 
(0.0052,-0.0058), a Alm = (+0.0060,-0.0057), and 
°U(2)t = (+0.095,-0.094), respectively. The zero 
crossing of Afb is determined with a relative uncer- 
tainty of 4% at q 2 = 4.33±g;5| GeV 2 /c 4 . The LHCb 
errors are purely statistical. Systematic uncertain- 
ties have not been addressed and are expected to be 
larger than those in BABAR. In a toy study based 
on BABAR simulated events scaled to a luminosity to 
75 ab _1 , we extract a relative statistical uncertainty 
of 9% for the zero crossing after fitting the q 2 depen- 
dence of AFB(q 2 ) in the region of 2.75 GeV 2 /c 4 to 
5.75 GeV 2 /c 4 with a linear shape. We think that fur- 
ther optimization of the angular fits is possible and 
that statistical errors may be further reduced. 

CDF has presented a study of B — > K using 
4.4 fb- 1 of data [US]. For q 2 < 8.68 GeV 2 /c 4 they ob- 
serve 34.3 + 6.7 events, yielding 780 events expected at 
10 fb' 1 , if the bb cross section at 14 TeV is a factor of 
ten higher than that at 2 TeV. For Afb and Tl in the 
q 2 bin q 2 < 4.3 GeV 2 /c 4 , the statistical uncertainties 
of (+0.31,-0.33) and (+0.23,-0.24) at 4.4 fb' 1 are 
reduced to ±0.07 and ±0.05, respectively at 10 fb' 1 . 
The systematic errors at 4.4 fb" 1 are 0.05 and 0.03, 
respectively. Thus, the extrapolated CDF yields are 
a factor of 5 lower than the LHCb simulation, while 
those in Afb and Tl are factors of 14 and 8.3 higher, 
respectively 



5. More on B — > X s / d £ + £ with a hadronic tag 

It may be possible to study the process B —> X s £ + £~ 
(and maybe also B — > Xd£ + £~, albeit with lim- 
ited statistics) fully inclusively at SuperB using the 
hadronic tag reconstruction method. Although this 
technique has very low efficiency and hence can sta- 
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TABLE VIII: Number of events for B -> Ki+i~, B -> K*£ + T, B -> X s e + T via the sum of exclusive modes (SE) and 
B — > X s £ + £~ via the recoil method (RM) for luminosities of 425 fb _1 and 75 ab -1 . The signal yields are shown for the 
entire q 2 region, 0.1 GeV 2 /c 4 < q 2 < 7.84 GeV 2 /c 4 and 1 GeV 2 /c 4 < q 2 < 6 GeV 2 /c 4 . Uncertainties in the yields are of 
the order of 20%. 



Number of events in 425 fb 1 Expected number of events in 75 ab 



Mode 


all q 2 


0.1-7.84 


1-6 


all q 2 


0.1-7.84 


1-6 


Ki+r 




90 


42 


26 


15,900 


7,340 


4,600 






110 


46 


24 


19,400 


8,200 


4300 


X s £+r 


SL 


270 


171 


101 


47,500 


30,000 


17,900 


X s £+r 


RM 


49 


31 


18 


8,600 


5,500 


3250 



TABLE IX: Present and extrapolated statistical and systematic uncertainties of the total branching fraction, partial 
branching fractions, CP asymmetries, isospin asymmetries, lepton flavor ratio for B — > K£ + £~ after combining e + e~ and 
/i + [i~ modes as well as K + and K% modes. 







BABAR (425 fb' 1 ) 


SuperB (75 ab^ 1 ) 


Observable 


q 2 region [GeV 2 /c 4 ] 


Stat. 


Sys. 


Stat. Sys. 


aB/B 


all 


0.175 


0.05 


0.011 0.025-0.035 


aB/B 


0.1-7.02 


0.20 


0.044 


0.012 0.022-0.035 


aB/B 


10.24-12.96 and > 14.06 


0.27 


0.052 


0.017 0.026-0.039 


TZ K 


all 


0.34 


0.05 


0.021 0.025-0.038 


Acp 


all 


0.18 


0.01 


0.012 0.008-0.01 


Ai 


0.1-7.02 


0.56 


0.05 


0.034 0.025-0.035 



TABLE X: Present and extrapolated statistical and systematic uncertainties of the total branching fraction, partial 
branching fractions, CP asymmetries, isospin asymmetries, lepton flavor ratio, longitudinal polarization and lepton FBA 
for B —¥ K*£ + £~ after combining e + e _ and fi + fJ,~ modes as well as K* + and K*° modes. 



BABAR (425 fb' 1 ) Superb (75 ab" 1 ) 



Observable q 2 region [GeV 2 /c 4 ] 


Stat. Sys. 


Stat. Sys. 


aB/B all 

aB/B 0.1-7.02 

aB/B 10.24-12.96 and > 14.06 


0.162 0.063 
0.23 0.070 
0.24 0.071 


0.01 0.032-0.048 
0.014 0.035-0.053 
0.015 0.036-0.054 


11k* all 
Acp all 
Ai 0.1-7.02 


0.34 0.07 
0.15 0.01 
0.17 0.03 


0.02 0.035-0.048 
0.009 0.008-0.01 
0.01 0.015-0.023 


Tl 0.1-4 
T L 4-7.84 
Afb 0.1-4 
Afb 4-7.84 


0.15 0.04 
0.14 0.04 
0.14 0.05 
0.14 0.05 


0.011 0.02-0.03 
0.011 0.02-0.03 
0.011 0.025-0.038 
0.011 0.025-0.038 



tistically limit the sensitivity of rare decay studies, it 
has a number of advantages. First, by selecting sig- 
nal events using primarily information from the recon- 
structed B tag and the di-lcpton system, the X s sys- 
tem can potentially be selected without substantial 
biases to the hadronic mass distribution. Even Kl 
modes are potentially accessible, regardless of whether 



the Kl interacts in the detector. Secondly, the tag 
reconstruction effectively eliminates the "irreducible" 
(in the un-tagged analysis) backgrounds from doublc- 
scmilcptonic BB decays and cascade b — >• c — > s 
scmilcptonic decays. The first of these is eliminated 
by the requirement of an exclusively reconstructed 
hadronic B meson accompanying the signal candidate, 
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TABLE XI: Present and extrapolated statistical and systematic uncertainties of the total branching fraction, partial 
branching fractions, CP asymmetries, isospin asymmetries, lepton flavor ratio, and angular observables for B — > X s l + £~ . 
The first two columns show the results for the sum of exclusive modes (SE), the second two columns those for the recoil 
method (RM) , respectively. The sum of exclusive modes including 28 final states has an additional uncertainty of ~ 10% 
from the decay model. 



BABAR (425 /b' 1 ) SuperB (75 ab" 1 ) 



Observable 


rP 1 rpcrion 
l/ l *jtiun 


Stat. 


Svs 


Stat. 


Svs 


Stat. 


Sys. 


Stat. 


Sys. 




fGeV 2 /c 4 l 


SE 


SE 


RM 


RM 


SE 


SE 


RM 


RM 


aB IB 


all 


0.11 


0.056 


0.26 


0.06 


0.008 


0.03-0.05 


0.019 


0.03-0.05 


aB/B 


0.1-1 


0.29 


0.07 


0.69 


0.07 


0.022 


0.04-0.06 


0.052 


0.04-0.06 


aB/B 


1-4 


0.23 


0.06 


0.53 


0.06 


0.017 


0.03-0.05 


0.040 


0.03-0.05 


aB/B 


4-7.84 


0.18 


0.06 


0.43 


0.06 


0.014 


0.03-0.05 


0.032 


0.03-0.05 


aB/B 


10.24-12.96 


0.31 


0.07 


0.73 


0.07 


0.024 


0.04-0.06 


0.055 


0.04-0.06 


aB/B 


>14.06 


0.29 


0.07 


0.69 


0.07 


0.022 


0.04-0.06 


0.052 


0.04-0.06 
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while the second is reduced based on missing energy 
considerations. Although this method still needs to 
be studied carefully with large background statistics 
in the context of the SuperB fast simulation, an ini- 
tial study based on BABAR MC appears promising. 
Hadronic B decays are first reconstructed using the 
usual tag reconstruction method. These events are 
additionally required to possess a £ + £~ (£ — e, /it) sys- 
tem, and all remaining detector activity in the event 
is defined to comprise the X s hadronic system, and 
the combination of X s with the di-lepton system is re- 
quired to be kinematically consistent with a B meson 
recoiling against the reconstructed B tag - Note that in 
this case we have not only the usual AE and ities 
variables at our disposal, but also the angle between 
the 3-momenta of the reconstructed tag and signal B 
candidates. Vetoes are imposed on the £ + £~ invariant 
mass to remove long distance contributions from J/^S 
and V E'(2S'), and the mass of the hadronic system X s 
is computed directly from the combination of the B tag 
4-vector and the £ + £~ 4-vector (i.e. without any direct 



reconstruction of the hadronic system itself). Fig. 12 



B + — > X s n + fi~ (region above mx s = lGeV) signal 
MC. The expected background is shown in the lower 
plot. Both signal and background plots are normalized 
to 75 ab -1 , however the background statistics repre- 
sent only about 1 ab . The low mass region is essen- 
tially background free, while in the higher mass region 
the background is predominantly from B + B~ events 
in which the two muon candidates originate from the 
same B. This remaining background can then be fur- 
ther reduced through an appropriate choice of muon 
P1D (and vertexing, in the case of the corresponding 
e + e~ modes), and more stringent missing energy re- 
quirements on the signal B candidate. More detailed 
studies within the SuperB simulation framework are 
needed to establish an expected signal significance, but 
the method shows promise for a fully inclusive deter- 
mination of B — > X s £ + £~ branching fractions and an- 
gular asymmetries. This method can also in principle 
be extended to include B — > Xd£ + £~ simply by apply- 
ing a kaon tag/veto to the hadronic system. 



(top) shows the reconstructed hadronic mass for exclu- 
sive B + — > K + fx + fi~ (low mass region) and inclusive 
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FIG. 12: The (top) reconstructed hadronic mass for ex- 
clusive B + — > K + /j, + [i~ (low mass region) and inclusive 
B + — > X s fi + fi~ (region above mx 3 = lGeV) signal MC. 
The expected background is shown in the bottom plot. 



D. Determination of \V u b\ and \Vcb\ 

1. Inclusive Determination of \V u b\ 

The precise determination of \V u h\ is an essential in- 
gredient in the determination of the CKM matrix pa- 
rameters. As the precise study of inclusive decays is a 
unique feature of SuperB, it will be important to make 
maximal use of the data to extract \V u h\ with small 
but robust uncertainties. The main experimental and 
theoretical challenge in the inclusive \V u h\ determina- 
tion is the background from B — > X c lv decays which is 
roughly 50 times larger than the signal. At SuperS the 
experimental uncertainties will be reduced compared 
to the existing measurements at the B factories. In 
addition to reduced statistical uncertainties, the much 
larger statistics will also lead to reduced systematic 
uncertainties by allowing for cleaner data samples and 
a better understanding of the B — > X C £D background. 
For the theoretical uncertainties, one must distinguish 
between uncertainties due to higher-order perturba- 
tive and power corrections and parametric uncertain- 
ties due to input parameters. Currently, the dominant 
theoretical uncertainties are parametric due to nib and 
the leading _B-meson shape function, and these can be 
reduced by more precise measurements as explained 
below. The current approaches [157H159] heavily rely 
on modeling the shape function, and as a result the 
present uncertainty in the inclusive \V u b\ determina- 
tion [160J has been the subject of intense debate. 

Measurements near the phase space boundary are 
experimentally cleaner with less contamination from 
B — > X C £D, thus allowing for reduced systematic un- 
certainties, but are more sensitive to m& and shape- 
function effects, leading to increased theoretical un- 



certainties. Hence, the choice of kinematic cuts is a 
trade-off between experimental and theoretical uncer- 
tainties, and so there is no unique optimal region of 
phase space from which to extract \V u h\- Even if the 
kinematic cuts can be relaxed, at the expense of in- 
creased systematic uncertainties, to the point where 
there is no shape-function sensitivity in the theory, the 
most sensitivity to \V u h\ in the data still comes from 
the shape-function region near the endpoint. In ad- 
dition, one should recall that the Monte Carlo (MC) 
signal model requires the knowledge of the shape func- 
tion as well. 

Ultimately, the best determination of \V u h\ with the 
smallest uncertainty might be achieved by perform- 
ing a combined fit to all available measurements that 
simultaneously determines \V u h\ and the required in- 
puts, such as mf, and the leading shape function, as 
proposed in Ref. [161] . This follows the same strategy 
successfully employed in the inclusive determination of 
|V c b|. It allows for the combination of different mea- 
surements with a consistent treatment of correlated 
uncertainties in measurements and input parameters. 
Moreover, it is straightforward to consistently include 
additional constraints on rrih (e.g. from the B — > X c tv 
fits) and the shape function, e.g. from the measured 
B — > Xs'y photon energy spectrum. Finally, the good- 
ness of the fit itself provides an important test of the 
underlying theory. 

Experimentally this strategy requires measurements 
of B — > X u lv decay spectra, which are already possi- 
ble with the current data sets |162H164] . and will be 
possible with increased precision at Super B. In the 
fit, the normalization of the spectra determines the 
value of \V u b\i while their shape determines nib and 
the shape function. Hence, in this way the increased 
statistics at Superf? is effectively utilized to also re- 
duce the dominant theoretical uncertainties. Theoret- 
ically, the implementation of such a fit is complicated 
by the fact that one is fitting a function (rather than a 
few numbers as is the case for |V^f,|). To obtain small 
but reliable shape function uncertainties, it is desirable 
to include as much perturbative information on the 
shape function as possible, but at the same time have 
a model-independent treatment of its nonperturbative 
content. This can be achieved for instance using the 
approach of Ref. |161) which we now brielfy outline. 

First, the shape function S{io,[i) is factorized as 

S{u,ha) = Jdk6(iJ~k,u A )F(k), (29) 

where C is computed in perturbation theory and is 
known at the two loop level |165l 1166] . while F(k) is a 
purely non-perturbative function to be extracted from 
data. Given F(k), the shape function can be obtained 



from Eq. ( 29 ) order by order in perturbation theory 
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and the perturbative uncertainty can be estimated by 
varying the scale /x, as illustrated in Fig. [13] 




0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 

us [GeV] 

FIG. 13: The shape function S(u),fi) obtained by eval- 
uating Eq. ( 29 1 at a low scale fiA and RG evolving the 
result to the common scale fi — 2.5 GeV. The three 
curves at each order correspond to the three values [ia = 
{1.1, 1.3, 1.8} GeV. The solid black curve shows the as- 
sumed input function F(k). 



Next, to extract F(k) from data in a model- 
independent way, it is expanded in a complete set of 
basis functions {f n (k)} that are designed to converge 
quickly for functions consistent with confinement, 



F(k) 



Jn(k) 



(30) 



Here, the basis coefficients c„ are the unknown fit pa- 
rameters. In practice, the series has to be truncated 
after a certain number of terms depending on the pre- 
cision of the data. This results in a small residual 
model uncertainty, which can be studied systemati- 
cally, e.g. by varying the number of coefficients, and 
decreases wit h in creasing experimental precision. 

Given Eq. ( 30 ) , the i th experimentally measured bin, 
F\ is calculated as 



\V ub \ 2 



E* 



(31) 



where M] nn is the first moment of f m (k)f n (k). In this 
way, existing information on fhf, can be included in the 
fit (the hat indicates a suitable short-distance scheme) . 
The above combined fit approach will be key to push 
the precision of the inclusive \V u b\ determination at 
SuperB below the 5% level. It makes maximal use of 
the increased data set by providing a rigorous treat- 
ment of uncertainties, provides tests for the theory, 
and yields an improved determination of nib and the 
leading shape function. With sufficient data and mea- 
surements of different spectra, the same methods can 
also be used to reduce uncertainties due to subleading 
shape functions. A precise knowledge of leading and 
subleading shape functions is also crucial for a clean 
theoretical interpretation of measurements of the in- 
clusive radiative decays B — > X s j and B — > X s £ + £~ . 



2. Inclusive Determination of \V c b\ 

The determination of | V c b | from inclusive semi-leptonic 
b — > c transitions relies on the heavy quark expansion 
(HQE), resulting in an expansion in inverse powers of 
mb and m c . In the meantime, the methodology is in a 
very mature state, leading finally to a theoretical un- 
certainty as low as 1% in V c b |167| . At SuperS this will 
be the limiting factor, since the large number of avail- 
able events will reduce the experimental uncertainty 
to a negligible level. 

The extraction of \V cb \ relies on the HQE for the 
total rate, which takes the schematic form 



r = ^ti\v cb \z 



fo 



1927T 3 

^QCD 



(33) 
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where r l mn is the contribution to T z from the product 
of basis functions f m {k)f n (k) in Eq. (30), which can 



be computed in advance. Hence, one simply has to fit 
polynomials of the basis coefficients c n to the experi- 
mental measurements. Measurements of the B — > X s "f 
photon energy spectrum are included in an analogous 
way. In addition, known constraints on the moments 
of F(k) are included as additional constraints on the 
basis coefficients. For example the Oth and 1st mo- 
ments are 



1 = (? n , and m b 



m b 



(32) 



where the /j and dj are functions of mt> /m c which are - 
aside from logarithms ln(mb/m c ) - regular as m c — > 0. 

In order to obtain a precise determination of \V cb \ 
one has to control the following inputs: 

1. On the first sight there is a strong dependence on 
the b quark mass due to the factor. However, 
the real dependence is weaker due to the presence 
of the charm mass m c . In fact, the semi-leptonic 
decays depend roughly only on rrib — 0.6 m c , 
where this difference can be determined from the 
moments of the decay spectra of b — ¥ c semi- 
leptonic transitions with a sufficient accuracy. 
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2. QCD radiative corrections are taken into ac- 
count up to and including a 2 terms |168l I169j . 
These corrections are under reasonable control 
provided a suitable scheme for the quark masses 
is used, in which the bulk part of the ra- 
diative corrections has been absorbed into the 
quark masses. Mainly used are the "kinetic 
scheme" Q7D] and the "IS 1 scheme" [P7T] . both 
of which yield comparably small uncertainties. 

3. The non-perturbative inputs are given by local 
forward matrix elements of operators, which are 
calculated from the HQE. The quantity fg does 
not have any hadronic matrix element and is sim- 
ply the result of the parton model calculation; f 
is calculated including the complete a s correc- 
tions. The current fits include /2 and /3, where 
fi depends on 

2M bl 4 = (B\b(iD) 2 b\B), (34) 
2M b p? G = (B\b(a-B)b\B), (35) 

where B denotes the chromomagnetic field inside 
the B meson, while depends on 

2M b p\ = (B\bD-Eb\B), (36) 
2M b p 3 LS = (B\b(a-(Dx E))b\B). (37) 

These matrix elements have to be fitted from 
the data. In particular, suitably chosen moments 
of the lepton energy, the hadronic energy and 
the hadronic mass spectra are sensitive to these 
matrix elements [BUI H72j . 

4. QCD corrections to the subleading terms / 2 , fz, 
. . . are only partially known. Up to now only 
corrections of order a s p 2 /ml are calculated [173] 
and not yet included in the fit. 

The perspectives for a further theoretical improve- 
ment are quite limited and depend on the following 
points 

• Currently the leading clement missing in the the- 
oretical analysis is the calculation of the correc- 
tions of order a^/i^/m 2 , which would complete 
our knowledge of the a s /m 2 terms. 

• A detailed consideration of the various quark 
mass determinations has to be performed in or- 
der to improve the control over the uncertainties 
related to the quark-mass input. Currently the 
quark masses are taken from B decays, which 
turn out to be consistent with determinations 
from e + e~ threshold data. However, the uncer- 
tainties have to be scrutinized carefully. 



• The number of non-perturbative parameters pro- 
liferates drastically, i.e. f± already depends on 9, 
/s on 18 and fe on 72 unknown matrix elements. 
The ability to extract this information from data 
remains limited even at SuperS, in which case a 
calculation of these matrix elements would be 
needed; however, the perspectives to get a reli- 
able calculation is also very limited. 

In conclusion, with the current theoretical technol- 
ogy a relative theoretical uncertainty of 1% may be 
reached in this determination on \V cb \. The current 
total uncertainty is roughly twice as large due to the 
experimental error; at a Superi? the experimental er- 
ror will shrink considerably, but from todays perspec- 
tive there is a brick wall at the level of 1%. 

E. Studies in Mixing and CP Violation in Mixing 

1. Measurements of the mixing frequency and CP 
asymmetries 

The measurement of the mixing frequency Am^ at 
SuperB is of interest as this physics parameter will 
come to be a significant systematic uncertainty in 
many of the time-dependent CP asymmetry studies 
and other NP searches. The current precision on this 
parameter is dominated by early measurements of the 
_B-Factories, so there is the potential to improve knowl- 
edge of this parameter sufficiently so that it no longer 
plays an important role in error evaluation of other 
more important observables. It is anticipated that one 
will be able to measure Amj with a precision of bet- 
ter than ±0.006 at Superi? and will be systematically 
limited. This level of precision is comparable with the 
current PDG average value |174j . 

With the discoveries of CP violation in decay and 
indirect CP violation at the £?-Factories, it is nat- 
ural to continue to search for CP violation in mix- 
ing. The test for this phenomenon is a part of generic 
time-dependent CP violation measurements where one 
searches for |A| = q/p ^ 0, where q/p. The cosine 
coefficient measured at the same time as the AS pa- 
rameters discussed previously are related to |A|, and 
the Charmonium decays are a good place to search for 
CP violation in mixing where SuperB will be able to 
achieve a precision on C = (1 - |A| 2 )/(1 + 1 A| 2 ) of 0.005 
with J /%jiK® . It is possible to perform a precision mea- 
surement of \q/p\ using di-lepton events with a preci- 
sion of a few per mille as discussed in Section |3 E 3| 

2. New Physics in mixing 

It is possible to search for signs of NP in mixing in 
a model independent way. This is done, starting from 
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a tree level determination of the apex of the unitarity 
triangle (~p, fj) , and searching for any perturbation from 
the SM solution using a generic parameterization of 
NP with an amplitude and phase, in addition to the 
SM contribution. The ratio of NP and SM amplitudes 
can be parameterized simply in terms of an amplitude 
ratio Cd and phase difference 4>B d '- 

c e ^ Bd = mK? 3M \B*) 

(B d \n^ f \B d ) 

A s d M e 2i ^ M 

where the SM phase for Bd mixing </>f M = (3. The 
corresponding constraints on the NP phase and am- 
plitude ratios are given in Fig. [14] Current data is 
consistent with small values of the amplitude for NP, 
and a large NP phase. Using data from SuperB we 
would be able to make a precision search for NP in Bd 
mixing. 




FIG. 14: Current constraints on possible NP amplitude 
and phase contributions to Bd mixing 175 . The SM solu- 
tion is (<j>B d , Cs d ) = (0, 1), and any deviation would be the 
result of NP. The light shaded regions correspond to the 
current 68, 95 and 99% CL constraints on Cs d and 4>B d , 
while the dark shaded regions correspond to the expected 
result from SuperB. 



3. Tests of CPT 

The combined symmetry of C, P, and T otherwise 
written as CPT is conserved in locally gauge invari- 
ant quantum field theory. The role of CPT in our 
understanding of physics is described in more detail 



in Refs. [176H179] and an observation of CPT viola- 
tion would be a sign of new physics. CPT violation 
could be manifest in neutral meson mixing, so a Super 
Flavour Factory is well suited to test this symmetry. 
The text-book description of neutral meson mixing in 
terms of the complex parameters p and q can be ex- 
tended to allow for possible CPT violation. On doing 
so the heavy and light mass eigenstates of the B z me- 
son £?h and B^ become 



\B 



l,h; 



pVT^\B z )±qVT±^\B c > 



where B z and B° are the strong eigenstates of the 
neutral B meson. The CPT conserving solution is re- 
covered when z — and if CP and CPT are conserved 
in mixing then \q\ 2 + \p\ 2 = 1. 

There are two types of CPT test that have been per- 
formed at the current B- factories. The more power- 
ful of these methods is the analysis of di-lcpton events 
where both B mesons in an event decay into an X^£ v 
final state. Di-lepton events can be categorized by lep- 

ton charge into three types: H — h, H — and where 

the numbers of such events N ++ , and N are 

related to Ar and z as a function of At as described in 
Ref. [180 . Using these distributions one can construct 
two asymmetries: the first is a T /CP asymmetry: 
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and the second is a CPT asymmetry: 

■{At > 0) - N+-{At < 0) 



Acp T (At) = 



N+-(At > 0) + iV H 
^Imz sm(AnidAt) - 
cosh i 



' ArAt > 



-(At < 0) 

Rezsi nh(^; 

cos(Am d At) 



where Acpr(At) is sensitive to Ar x Rez. In the SM 
A T i cp ^ 1CT 3 and A C pt = [IEE1CE22]- BABAR mea- 
sures 11831: 



1 = (-0.8 ± 2.7(stat) ± 1.9(syst)) x 10" 



Imz 
Ar x Rez 



(-13.9 ± 7.3(stat) ± 3.2(syst)) x 10~ 3 , 
(-7.1 ± 3.9(stat) ± 2.0(syst)) x 10~ 3 , 



which is compatible with no CP violation in B z — B° 
mixing and CPT conservation. It is possible to study 
variations as a function of sidereal time, where 1 side- 
real day is approximately 0.99727 solar days [184] 
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where z depends on the four momentum of the B can- 
didate. BABAR re-analyzed their data and find that it is 
consistent with z — at 2.8 standard deviations [180J. 
With data from the first few years of operation at 
SuperB it would be possible to perform a more pre- 
cise test of CPT than performed by the current exper- 
iments and on doing so continue the search for CPT 
violation. These measurements would become limited 
by systematic uncertainties after the first few years of 
running at SuperB. The precision on CPT violating 
observables that could be reached with Superi? is: 

a(lm)z = 0.6 x 1(T 3 , 
<r(Ar x Rez) = 0.3 x 10~ 3 , 

However with such a measurement it would be possible 
to test if the 2.8a hint for CPT violation were a real 
effect or the result of a statistical fluctuation. 

F. Why measure 7 precisely (and how)? 

The measurement of the unitarity triangle angle 7 
is a standard candle measurement that can be used 
to perform precision tests of the SM. In this section 
we discuss why it is important to measure 7 precisely, 
whether such a measurement is "safe" from NP, and 
also how we can perform such a measurement. 

The main idea behind the measurement of 7 dates 
back to almost two decades ago, and in retrospect this 
is a straight forward concept. One uses the interference 
between b — > cus and b —> ucs |185|. 1186) transitions. 
The sensitivity to the weak phase 7 comes from the 
interference between B~ — > DK~ decay followed by 
£>->•/ and the B~ -> DK~ decay followed by D ->• /, 
where / can be any common final state of D and D. 

Depending on the choice of the final state / in 
D decay there have been many variations of this 
central idea proposed in the literature. With / 
for instance taken to be a CP odd (—1) eigenstate 
(e.g.KsTr ) USaHBB], a flavor state (e.g.K+-K~) [lED 
ITggj . singly Cabibbo suppressed (e.g.K* + K~) [T55] , 
and many-body final state (e.g.KsTr + ir~) [1901 1191] . 
Other extensions include many-body B final states 
B+ -> DK+TT°,K s n+, B° -> Dtt-R+ [T32HT35] . 
where D°* is used in addition to D° [196], the use 
of self tagging D°**,D*~ jTMl [M] as well as neu- 
tral B and B s decays (time dependent j!98H202] , time- 
integrated (2D31 EOl], and self-tagging [205] ). 

For Nb different B decay channels and No differ- 
ent D decay channels one has 3Ng + Nj) unknowns 
that are fit from data (in addition to 7, which is com- 
mon to all the decays). On the other hand, one has 
~ ANbNo observables - different branching ratios and 
CP asymmetries. It then immediately follows that the 
best strategy is to combine as many channels as pos- 



sible in order to perform a precision measurement of 
7- 

An interesting question is whether the weak phase 
7 measured from B — > DK decays is the SM weak 
phase. In other words - to what extent is B — > DK 
a SM reference point for the value of 7? One would 
expect that since B —> DK decays are mediated ex- 
clusively by tree diagrams, the contributions from NP 
are negligible. Schematically we have 

A{B~ -+DK-) -V^V^T, V^V^C, (38) 

A 2 A A 3 1 

where we have also denoted explicitly the CKM scaling 
in the Wolfenstein parameterization. How could this 
amplitude be modified by NP? If it is modified due to 
non-SM charged currents then the effect of NP would 
be likely to show up elsewhere, e.g. in semi-leptonic 
B decays (if NP is leptophobic, this may be harder 
to see, though). If the modification is due to non- 
SM neutral currents then two insertions of NP flavor 
violation (FV) are needed, e.g. to generate a correction 
to (cu)(sb) operator. In this case the NP effects are 
doubly suppressed. Compare this scenario with for 
instance the decay B — > tttt, where one can have a 
single NP FV insertion, e.g. to generate a correction 
to (uu)(db) operator. Thus, if we have TeV NP, then 
FV is small and the effect is suppressed in B —> DK. 
If, however we have general FV at high scale then the 
deviation is as likely to show in either of the two, B — > 
DK and B —> tttt (but in this case the effect is also 
going to be very small given constraints from the K—K 
mixing) . 

Another interesting question is why measure the 
SM weak phase 7 from B — > DK and not from 
B — » pp, prr, tttt decays, which are also tree domi- 
nated. Schematically we have 

A(B->pp,pir,<im)~ V ub V ud T, Vc^V^P- (39) 

A 3 1 A 2 A 

The weak phase 7 [a = tt — j3 — 7) determined from 
these decays is the SM one unless one has isospin 
breaking NP. This means that the 7 measured would 
be the SM one even if there is NP in B — B mixing or in 
QCD penguins. NP in electro-weak penguins would, 
however, shift the measured value of 7 from the SM 
one. Still, the NP has to compete with the tree tran- 
sitions! 

The extraction of 7 from B — > DK has one major 
advantage over extraction from B — > pp, pn, 7T7t. In 
the latter case there are irreducible theoretical errors 
in extraction of 7 (via a): due to (i) isospin breaking, 
which is hard to estimate to better than factors of few 
(i.e. that it is at a few percent level 206 ) and (ii) due 
to the uncertainties in resonance shapes that are used 
in the extraction from B — > pir [207] , There are no 
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such errors in extraction of 7 from B — > DK. Isospin 
is not used at any point, while reference to resonance 
parameterization can be avoided even in the case of 
multi-body D decays [190] . The remaining theoretical 
errors are much smaller and negligible at the precision 
level achievable at a Super Flavour Factory as we will 
see in more details below. 

Charm factories (CLEO-c or BES-III) can have a 
big impact by measuring strong phases in D decays. 
Then only parameters of the B system need to be 
measured in B decays. Let us take as an example: 
B ± — > [KsTT + n^]]jK ± where the D decay amplitude 
varies over the Dalitz plot 

A D (s 12 ,s 13 ) = A 12 , 13 e u ^ 3 , (40) 
= A(D° -> K s (pi)tt-( P2 )7t+( P3 )), 

where Si2(i3) = (pi — P2(z)) 2 - The variation of the 
strong phase £12,13 over the Dalitz plot can be mea- 
sured by fitting the data with a resonance model, 
which leads to a hard to reduce ~ 10° systematic error 
on 7. A model independent treatment is possible us- 
ing input from the CLEO-c and BES-III experiments 
as discussed in Ref. [190] . 

In the model independent method one partitions the 
Dalitz plot in bins |190j and introduces the sine and 
cosine of the strong phase differences averaged over the 
bins as new variables 

CH = / dp A 13i i2 cos(<5i2,i3 - £13,12), 

J i 

s t = ^12,13 ^13,12 sm(5i 2 , 13 -£>13, 12)- (41) 

Since D decays do not violate CP one can relate Q 
and Si in i th bin with the CP conjugated one, i, hence 
ci — Ci, and sj = — Sj. A MC based feasibility study 
showed that the optimal strategy using this model in- 
dependent approach is statistically only 30% worse 
than the model dependent method [2QH1 [209]. The 
prior measurement of Cj, and at charm factory (or 
at Superi? via running at charm threshold) is a crucial 
ingredient to measure 7 in this way. The measurement 
of Cj, and Si is possible because in the ^(3770) — > DD 
mesons in the final state are entangled. Let us assume 
that the D meson flying to the right decays to bin i 
of KgTr + ir~ final state. Then by choosing different de- 
cay channels of the D meson flying to the left, one has 
enough information to measure both the phase and the 
amplitude of the D — > Ksk + k~ decay |190j . 

This was done by CLEO-c (210] . Using optimal bin- 
ning with the least variation in strong phase difference 
across a bin ASf [208(1209 ] for D — > Ks/ l it + tt~ decays 
and using entangled decays of 'I' (3770) — > DD with 
D's decaying into flavor tagged, CP-tagged and D —> 
Ks/ltt + it~ decay modes the collaboration estimates 
that the decay model uncertainty on 7 is reduced 



to 1.7° (from toy MC based studies with 7 = 60°, 
8b = 130° and tb = 0.1). D Decays involving more 
than three final-state particles can also be used to mea- 
sure 7. In this case, it is simpler and in some modes 
sufficient to measure the total B — > DK decay rates 
rather than to analyze the full phase-space distribu- 
tion [2111 1212] . This is also the case for some three- 
body modes [213] , 

There are several ways that would improve con- 
straints on 7: include as many D decay modes as pos- 
sible and include more B decay modes. To include 
B ± — > D*K* ± would be very hard, since one would 
need to perform an angular analysis of the decay. It 
is much easier to include neutral modes B° — > DK$, 
B® — > D(f>, Drf ). At first glance neutral B decays are 
less attractive since in this case both b — ¥ use and 
b — > csu are color suppressed, while in charged B de- 
cays b — > csu is color allowed. The neutral decays 
therefore have smaller decay rates (A n ~ \A C )- How- 
ever, the statistical error on 7 scales roughly as the 
smallest of the two interfering amplitudes, which both 
in B + and B° decays are color suppressed. Further- 
more, using isospin (and neglecting annihilation) one 
gains an extra constraint |203j 

A(B+ D°K+) ~ V2A(B° D°K S ), (42) 

which reduces the number of independent unknowns 
to be determined. Time dependent measurements of 
_B° decays contain full information |186l 1214] , but al- 
ready time integrated B° rates (untagged rates) alone 
suffice to determine 7 |203l 1204] . The analysis can 
also be simplified by the use of self-tagging modes: 
B a -> DK*° -> Dtt-K+ [2U5] , 

In the above discussion we have neglected D — D 
mixing, direct CP violation in D — » / decays and Ar 
in Bd and B s time integrated decays. We now move 
to the estimate of the related theory errors. 

The D — D mixing parameters xu — ™° , Vd — 
are both measured to be O(10~ 2 ). Further- 
more in the SM, D — D mixing is CP conserving to 
a very good approximation, with the mixing phase 
6 ~ O(10~ 4 ). For CP conserving D — D mixing the 
only important change in equations used to extract 7 
from B — > DK are in the interference terms, where 
one changes the relative strong phase Sf with a time 
averaged one, (Sf). D — D mixing also dilutes the 
interference so that it gets multiplied by e _e/ . The 
effect on 7 is small and is of second order in small pa- 
rameters e/ ~ 0{x 1 D ,y 1 D ) 215 . These terms can still 
be enhanced, if the suppressed term is multiplied by 
a large amplitude, which happens for doubly Cabibbo 
suppressed D decays. Even in this case, however, the 
shift is small, A7 < 1°, while otherwise it is much 
smaller |215] , 



SuperB Progress Report - The Physics - August 2010 



39 



To recapitulate, the effect of CP conserving D — D 
mixing on the measurement of 7 is small. It can also 
be included for precisely measured xd and yo- For the 
model independent analysis the news are even better - 
the way the model-independent analysis is set up, the 
inclusion of D — D mixing actually does not require 
any change in the analysis. Since both the average of 
the sine and of the cosine of the strong phase are mea- 
sured independently from experiment, this means that 
the dilution due to time averaging is already deter- 
mined experimentally |215j . The last approximation 
we used was neglecting Ar^ s . The inclusion of Ar s 
dependence is important only in untagged B s — > D<j) 
so that Ar s needs to be well measured and kept in 
the analysis |204j . Once all these reducible theoretical 
errors are taken into account the theory error would 
come from higher electroweak corrections and CP vi- 
olation in D decays. The resulting theoretical error is 
conservatively A7 < 10~ 5 , so the measurement will be 
statistics dominated for a long time. 

We conclude that measurement of 7 from B — > DK 
decays is the theoretically cleanest measurement of the 
SM weak phase and thus represents a standard candle 
with which to test the SM. This can for instance be 
contrasted with the measurements of a that may start 
to become theory limited at a Super Flavour Factory 
due to poorly known isospin breaking effects (for ex- 
ample see Ref. [2 ). Under quite general assumptions 
the measurement of 7 is also safe from NP contami- 
nation. An important input is provided by charm fac- 
tories that can measure the strong phase differences 
in the D decays from entangled "J (3770) decays. The 
estimated systematic uncertainty on 7 is below 2° and 
can be reduced with increased statistics. This is true 
also of other systematic uncertainties in the present 
analyses, including the neglect of D — D mixing and 
AP. They stem from simplifications made for conve- 
nience when analyzing currently available data. While 
in the future more complicated analyses will be re- 
quired that incorporate these effects directly. Thus the 
irreducible theoretical error on 7 is well below Super 
Flavour Factory sensitivities. 

G. Charmless hadronic B decays 

Charmless hadronic B decays can be used to test 
the SM and CKM theory in detail. In principle, such 
decays can be used to measure all of the angles of the 
unitarity triangle, however SM uncertainties are a con- 
cern for all such measurements as existing calculations 
are either computing the hadronic amplitudes using 
factorization, or invoking flavour SU(2) or SU(3) sym- 
metries in order to achieve their goals. Without fur- 
ther improvements in the theoretical tools available, in 
many cases the potential of using charmless hadronic 



B data, both branching fractions and direct CP asym- 
metries, to test the CKM picture will be limited by 
theoretical uncertainties, coming either by unknown 
power-suppressed terms or by flavour symmetry break- 
ing. On the other hand, a Super Flavour Factory pro- 
vides a full set of high precision data to test and pos- 
sibly improve the theoretical tools developed so far to 
describe these hadronic B decays. 

H. Precision CKM 

By the time Superi? starts to take data it is expected 
that the knowledge of the CKM matrix parameters 
(sides and angles) will be dominated by a combina- 
tion of measurements from the B-factories and LHCb. 
These will include measurements of f3 and 7 with a 
precision of the order of 1°, and a measurement of a 
with a precision of 5 — 6°. LHCb will not be able to 
improve upon the existing measurements of |U„b| and 
\V c b\, which have uncertainties of 8% and 2%, respec- 
tively. SuperB will be able to perform precision mea- 
surements of the angles of the unitarity triangle as well 
as I V u b\ and \ V c b\. The anticipated precision attainable 
for these observables is given in Table |XII| Together 
with hadronic parameters computed mainly using lat- 
tice QCD (see Section [9]), this set of information will 
play a vital role in defining a model-independent deter- 
mination of quark mixing in the Standard Model, thus 
providing a precision test of the CKM anzatz. Preci- 
sion knowledge of the CKM matrix itself facilitates 
several NP search opportunities available to SuperB 
and other experiments. 

TABLE XII: The expected precision on CKM observables 
from SuperB. The third column indicates if the measure- 
ment is theoretically clean, or dominated by theory uncer- 
tainties. 



CKM observable 


Precision (75 ab ) 


Theory uncertainty 


P {ccs) 


0.1° 


clean 


a 


1 - 2° 


dominant 


7 


1 - 2° 


clean 


\V c b\ (inclusive) 


1.0% 


dominant 


\V c b\ (exclusive) 


1.0% 


dominant 


\V u b\ (inclusive) 


2.0% 


dominant 


\V u b\ (exclusive) 


3.0% 


dominant 



4. B Physics at the T(5S) 
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Measurement of CKM- and New Physics-related 
quantities in the B s sector is a natural extension of the 
traditional B Factory program. In some cases, studies 
of B s mesons allow the extraction of the same fun- 
damental quantities accessible at a B Factory operat- 
ing at the T(4S) resonance, but with reduced theoreti- 
cal uncertainty. Experiments running at hadronic ma- 
chines are expected to be the main source of B s -related 
measurements. In particular, in the near future, the 
increased dataset of the Tevatron experiments and the 
start of the LHCb, ATLAS, and CMS programs will 
surely yield important new results. 

It is worth noting, however, that despite the rapid 
BJ3 S oscillation frequency, it is feasible to carry out 
B s studies in the very clean environment of e + e~ anni- 
hilation machines by running at the T(5S) resonance, 
where it is possible to perform measurements involving 
neutral particles (e.g., tt°, r\ and rj mesons, radiative 
photons, etc.). CLEO pTM^Tg] and Belle [21511220] 
have had short runs at the T(5S), measuring the main 
features of this resonance. The results clearly indicate 
the potential for an e + e~ machine to contribute to this 
area of B physics, and have inspired the work in this 
section, and elsewhere (221(-i223|. Note that, in con- 
trast to much of the remainder of this chapter, there 
are no experimental analyses for many of the measure- 
ments of interest, and therefore our studies are based 
on Monte Carlo simulations. 

A detailed study of the physics capability of Superi? 
at the T(5S) can be found in the Conceptual Design 
Report [2]. The main conclusions of that study are 
summarized here. 

The production of B s mesons at the T(5S) allows 
comprehensive studies of the decay rates of the B s 
with a completeness and accuracy comparable to that 
currently available for Bd and B u mesons, thereby im- 
proving our understanding of B physics and helping 
to reduce the theoretical uncertainties related to New 
Physics-sensitive Bd quantities. Moreover, B s physics 
provides additional methods and observables to probe 
New Physics effects in b s transitions. In the fol- 
lowing, we concentrate on this second point, providing 
examples of some of the highlight measurements that 
could be performed by Superi? operating at the T(5S) 
resonance. 

The T(5S) resonance is a J PC = 1 state of a 
bb quark pair with an invariant mass of wr(5S) = 
(10.865 ±0.008) GcV/c 2 [221H226] . The cross section 
<j(e+e- -> r(5S)) is 0.301 ± 0.002 ± 0.039 nb [227] . 
which is about three times smaller than <j(e + e _ — > 
T(4S)). Unlike the T(4S) state, this resonance 
is sufficiently massive to decay into several B me- 
son states: vector- vector (B*B*), pseudoscalar- vector 
(BB*), and pseudoscalar-pseudoscalar (BB) combina- 
tions of charged B mesons, as well as neutral Bd and 
B„ mesons, as well as into B^B^n states. The B 



pair production rates at the Y(5S) resonance are sum- 
marized in Ref . [2 . As with reconstructing B decays at 
the T(AS), one can use the precisely determined initial 
state kinematics to compute the usual discriminating 
variables tties and AE. There is a small complication 
that the different B pairs produced occupy slightly dif- 
ferent regions in the tties — AE plane and this can be 
used to study fine details of the decay properties of 
these B mesons. With the small beam energy spread 
of Superi?, the resolution of tties will be comparable 
to that of the current B Factories, resulting in almost 
negligible crossover between B S B S and BBtt states. 



1. Measurement of B s Mixing Parameters 

In analogy with the Bd system, the absolute value 
and the phase of the BJ3 S mixing amplitude can be 
used to test for the presence of New Physics in AB = 2 
b — > s transitions. These measurements can be made 
at hadronic colliders 228 . The recent measurement 
of Am 



229 4231) provides the first milestone in this 
physics program. Similar tests for New Physics effects 
can be made by measuring quantities such as Ar s and 
the CP asymmetry in semi-leptonic decays ^4g L . These 
observables can be measured using the large statistics, 
and high reconstruction efficiency available in the clean 
environment of Super B. It is not necessary to resolve 
B s oscillations to make these measurements. 

In a generic New Physics scenario, the effect of 
AB = 2 New Physics contributions can be parame- 
terized in terms of an amplitude and phase, Cb s and 



4>b s , (in analogy with Section 3 E 2 1. In the absence of 
New Physics effects, Cb s — 1 and <f>s s — 0. The mea- 
sured values of Am s and sin 2/3 s are related to Stan- 
dard Model quantities through the relations : 



Amf p = C Bs ■ Am 



SM 



sin2/3f p = sin(2/3» M + 20 B .). 



(43) 
(44) 



The semi-leptonic CP asymmetry | 232| and the value 
of Ar s /r s [233] are sensitive to New Physics contri- 
butions to the AB — 2 effective Hamiltonian, and can 
be expressed in terms of the parameters Cb 3 and <pB a ■ 
Different experimental methods have been proposed 
to extract the lifetime difference AY S [234J . For in- 
stance, Ar s can be obtained from the angular distri- 
bution of untagged B s — > J/ip(f> decays. This angular 
analysis allows separation of the CP odd and CP even 
components of the final state, which have a distinct 
time evolution, given by different combinations of the 
two exponential factors e _rL ff *. This allows the ex- 
traction of the two parameters T l_h or, equivalently, 
r s and AY S . The weak phase of the mixing ampli- 
tude, fi 8 , also appears in this parameterization, and a 
constraint on this phase can be extracted along with 
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the other two parameters (see Eq. 46 below). Mea- 
surements of Ar s and j3 s have been performed by 
CDF [335] and D0 [236]. With a few ab _1 of data 
at the T(5S) SuperB will be able to improve upon the 
current experimental precision, and provide a useful 
second measurement to cross check any results from 
LHCb in this area. 

We have also studied the performance of two dif- 
ferent experimental techniques that can be used to to 
extract the semi-leptonic asymmetry -A| L , defined as: 



A 8 — 



1 - \q/p\ 4 

i + \q/p\ 4 



(45) 



The first technique consists of exclusively recon- 
structing one of the two B mesons into a self-tagging 
hadronic final state (such as B s — > D^'it) and look- 
ing for the signature of a semi-leptonic decay (high 
momentum lepton) in the rest of the event. The sec- 
ond approach is more inclusive, using all events with 
two high momentum leptons. In this case, contribu- 
tions from B s and Bd decays cannot be separated, 
and a combined asymmetry, Ach is measured. Results 
from this type of analysis are available from D0 |237j . 
We expect to be able to reach precisions of 0.006 and 
0.004 on Ag h and Aqu, respectively, with lab" 1 of 
data. These measurements quickly become systemat- 
ically limited at SuperB, however the achievable pre- 
cision would be a clear improvement over the current 
experimental situation. The cleaner experimental en- 
vironment at SuperB suggests that this experiment 
is better suited at making precision measurements of 
the semi-leptonic asymmetries than experiments at a 
hadron collider. For example, the measurement of A| L 
(and, to a lesser extent, also to ^4g L ), can be used 
to test the Littlest Higgs Model with T-parity as dis- 
cussed in Ref. [2J. 



2. Time Dependent CP Asymmetries at the T(5S) 

Let us consider a B s pair produced at the T(5S) 
resonance, through a B*B S state. If one of the two B s 
mesons decays into a CP eigenstate / and the other 
to a flavour-tagging final state, the untagged time- 
dependent decay rate R(At) as a function of the proper 
time difference At can be written in terms of the pa- 
rameter A/ = as |233| : 



R(At) = Af- 



-\At\/r(B a ) 

2t(B s ) 
2R(A/) 



cosh( 



Ar,Ai, 



. .AYgAt. 
smn( ) 



(46) 



where the normalization factor Af is fixed to 1 — ( ^f^- ) 2 
Here we have neglected CP violation in mixing. 



It is not possible to perform a a similar time- 
dependent analysis to that for the case of Bd — > 
J/tfjK decays, at SuperB as the detector would be 
unable to resolve the very fast B s oscillations. How- 
ever, since AT S ^ 0, the untagged time-dependent 
decay rate also allows Xf to be probed, through the 
5R(A/)-dependence of the coefficient of the Ai-odd 



sinh( 



Ar s At 



) term. Such an analysis has been per- 



formed by D0 [233J BM- A "two-bin" time-dependent 
analysis using this approach is possible at SuperB. 

If one considers the decay B s — > J/ip<j> decay, and for 
simplicity assumes that this is a pure CP-even eigen- 
state (more generally a full angular analysis can be 
used to isolate CP-even and CP-odd contributions), 
it is possible to measure the weak phase of B s mixing 
2/3 s . A precision of ~ 10° and ~ 3° can be achieved on 
jSg, with 1 ab _1 and 30 ab _1 of integrated luminosity, 
respectively. There is a two-fold ambiguity resulting 
from the sign of (3 S that can produce almost twice the 
resolution in the measurement, when /3 S has a value 
close to zero as in the SM. Such a measurement as 
this is not limited by systematics and the precision 
can be improved by collecting more data. 

While LHCb is expected to achieve a better preci- 
sion on the measurement of j3 s using a tagged analysis 
of B s — > J/ip(f>, the strength of SuperB lies in the abil- 
ity to make measurements that are not possible in a 
hadronic environment, in analogy with the AS mea- 
surements discussed for B d decays (Section 3 A) there 
is an effective j3 s (denoted /3 s ,eff) that will form a sec- 
ondary basis for new physics searches. As with the Bd 
case it will be necessary to compare the SM expecta- 
tions of /3 S with the measurements from tree decays 
and with f3 s c g from penguin-dominated rare decays. 
Among the interesting final states SuperB can study 
are B s -> J/^r), B s -> J/H, B s -> D { * )+ D { * ] ~ : 
B s -> D&K°, B s -> £>W0, and B s -> <tf . Stud- 
ies on the measurement of the effective j3 a using the 
pure b — » s penguin transition B s — > K°K°, indicate 
that SuperB will be able to measure this phase with a 
precision of 11° given 30 ab _1 of data. 



3. Rare Radiative B 3 Decays 

It is possible to search for possible NP effects by 
comparing measurements of A_B = 1 b — > s transitions, 
measurements of |Vtd/Vtg|, and Am s . SuperB will be 
able to perform a precision measurement of | Vtd/Vt s | 
using the ratio R = B(B^ -> p°~f)/B(B d -> K*°j) 
to a precision that is expected to be ultimately lim- 
ited by the presence of a power-suppressed correction 
term. The ratio R s = B(B° S -> K*°j)/B{B° -> A'*° 7 ) 
has the advantage that there is no W exchange dia- 
gram contribution to hinder interpretation of results. 
Assuming that B(B° S -> A*° 7 ) = 1.54 x 10~ 6 , and 
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taking reasonable estimates from lattice QCD for the 
form factor ratio £ to extract |Vtd/Vt s | with a precision 
of a few percent with a multi- ab" 1 sample of data, as 
shown in Table IXTVl 



4- Measurement of B B — > 77 

In analogy with the Bd decay b — > S7, the de- 
cay P s — > 77 is considered a promising golden chan- 
nel to search for new physics at SuperP. The fi- 
nal state contains both CP-odd and CP-even com- 
ponents, allowing for the study of CP-violating ef- 
fects with B Factory tagging techniques. The Stan- 
dard Model expectation for the branching ratio is 
B{B S 77) - (2 - 8) x 1CT 7 [MO]. New Physics 
effects are expected to give sizable contributions to 
the decay rate in certain scenarios [2411 1242] . For 
instance, in R-parity-violating SUSY models, neu- 
tralino exchange can enhance the branching ratio up 
to B(B S -> 77) ~ 5 x 1(T 6 On the other hand, 

in R-parity-conserving SUSY models, in particular in 
softly broken supersymmetry, B(B S — > 77) is found to 
be highly correlated with B(b — > sj) [244] . 

Experimentally the measurement of B s — > 77 will be 
much less demanding at SuperP than the well estab- 
lished measurement of final states such as P° — > 7r°7r°. 
The presence of two high-energy photons in the fi- 
nal state is a clear signature for the signal, partic- 
ularly with a recoil technique. Both BABAR [245] 
and Belle [246] have published results of searches for 
B® 77, setting the current experiment upper limit 
at B(Bd —> 77) < 6.2 x 10" 7 which is a proof of princi- 
ple that one can measure the corresponding B s decay 
at SuperP. We anticipate that it will be possible to 
observe 14 signal events and 20 background events in a 
sample of 1 ab _1 assuming a Standard Model branch- 
ing fraction. With 30 ab _1 , one can achieve a statisti- 
cal error of 7% and a systematic error smaller than 5% 
from a straight forward analysis. It would be possible 
to improve upon this precision using tagging informa- 
tion, which would also facilitate the measurement of a 
direct CP asymmetry in this mode. 



k_i 80 





FIG. 15: Allowed regions in the Cb s -<Pb 3 plane given by 
the current data (top) and at the time of SuperP (bot- 
tom). Note that the scales for the axes are different in 
the two cases. See Table [XTTT] for the corresponding values 
anticipated for these measurements. 



current situation (left). Corresponding numerical re- 
sults are given in Table |XTIT} 



TABLE XIII: Uncertainty of New Physics parameters 
4>b, and Cb s using the experimental and theoretical in- 
format ion av ailable at the time of SuperP and given in 



Tables 



XIV 



(30 ab" 



and 



XX 



These uncertainties are 



compared to the present determination. 



5. Phenomenological Implications 

The experimental measurements of AT, Ag L , Aqk 
and CP violation parameters described in the previous 
sections can be used to determined the AB = 2 New 
Physics contributions in the B s sector. The knowledge 
of p and 7j is assumed to come from studies at the 
T(45). 

To illustrate the impact of the measurement at 



SuperP at the T(5S), we show in Fig. 15 selected re 



Parameter 


Today 


At SuperP (30 ab _1 ) 


<t>B s (- 


-3 ±19)° U (94 ± 19)° 


±1.9° 


Cb b 


1.15 ±0.36 


±0.026 



gions in the 4>b s ~Cb s plane (right), compared to the 



It is important to note that the uncertainty on the 
parameter Cb s is dominated by the uncertainty on fg s 
and bag parameters. The error on (j>B s is not limited 
by systematics and theory, and can be improved to 1— 
2° with a longer dedicated run at the T(bS). LHCb 
will also measure the New Physics phase 4>b s and is 
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expected to achieve a comparable sensitivity with full 
statistics (~ 10 ftT 1 ) of - 1°. 



A. Summary 

The recently reported evidence from the DO collab- 
oration for a di-muon asymmetry Ach that is incom- 
patible with the Standard Model [T] has been followed 
by theoretical attempts to interpret the result, for ex- 
ample [247-252 . If this effect is confirmed, then we 
can expect to observe new physics in meson decays in 
the B and D sector. One prime example of an observ- 
able that would be expected to manifest new physics 
in B s decays is the semi-leptonic asymmetry A| L . In 
some models the phases postulated to be responsible 
for large semi-leptonic asymmetries are flavour blind, 
and thus we would expect effects to also be manifest in 
other meson decays as well as in the B s sector. Other 
models have postulated a richer texture of new physics 
that may be related to this DO result. In both cases, 
and even if the DO result turns out to be a statisti- 
cal fluctuation rather than evidence for new physics, 
SupcrB will be able to test a variety of new physics 
scenarios using a wide array of measurements as out- 
lined in Section [lOl 

The results presented in this section section are 
summarized in Table XIV for two scenarios (i) a 
short (1 ab -1 ) and (ii) a long (30 ab" 1 ) run at the 
T(5S) resonance. Collecting 1 ab~* will take less 



than one month at the SuperB design luminosity of 



TABLE XIV: Summary of the expected precision of some 
of the most important measurements that can be per- 
formed at SuperB operating at the T(55) resonance, with 
an integrated luminosity of 1 ab -1 and 30 ab -1 . 



Observable 


1 atT 1 


30 ab" 1 


Ar 


0.16 ps" 1 


0.03 ps^ 1 


r 


0.07 ps" 1 


0.01 ps" 1 


J s 


0.006 


0.004 


A C H 


0.004 


0.004 


B{B S -» n+fi-) 




< 8 x 10" 9 


\V td /V ts \ 


0.08 


0.017 


B(B S -> 77 ) 


38% 


7% 


Ps (angular analysis) 


20° 


8° 


P. (W) 


10° 


3° 


Ps (K°K°) 


24° 


11° 



While it is clear that Superi? cannot compete with 
hadronic experiments on modes such as B s — > 
and B s — > J/t/jcp, it is also evident that many impor- 
tant channels that are not easily accessible at hadronic 



experiments such as LHCb will be measurable at 
SuperB. Besides the flagship measurement of the 
semi-leptonic asymmetry ^4g L , the channels B s — > 77 
and B s — > K°K° will also be measurable at Super_B. 
Therefore SuperB will complement the results from 
LHCb and enrich the search for new physics in flavour 
decays by accumulating several ab -1 of data at the 
T(5S) resonance 223 . 

Measuring an absolute branching fraction in a 
hadronic environment is limited by ones determina- 
tion of luminosity and the production mechanisms at 
play. So in addition to being able to study these B s 
golden modes, it is anticipated that there will be bene- 
fits to the field when interpreting some LHCb analyses 
if one can obtain precision measurement of at least one 
absolute branching fraction from Super B. In order to 
measure an absolute branching fraction with precision 
it will be necessary to study a number of B s decays at 
the T(5S). In time and with an understanding of the 
performance of LHCb, it will be possible to identify 
a full list of useful branching fractions to measure at 
SuperB and thus understand better how much data to 
record at the T(5S) resonance. 



5. Charm Physics 



The SM projects a rather mundane weak phe- 
nomenology for charm transitions; yet as has been 
stated since the early discussions about a Tau-Charm 
Factory in the late 1980's, this fact can be turned to 
our advantage: detailed studies in particular of CP 
invariance in charm decays can act as (almost) zero- 
background searches for physics beyond the SM. While 
no clear signal for the intervention of NP has been 
uncovered yet in charm transitions, the situation has 
changed qualitatively in the last two years: 

• D° — D° oscillations have been resolved experi- 
mentally with xd, Ud ~ 0.5 — 1%. 

• This breakthrough has lead to 'new thinking' 
among theorists. They have begun to realize 
that scenarios of NP motivated by considerations 
outside of flavour dynamics can produce an ob- 
servable footprint in charm decays; i.e., one is 
no longer forced to invoke the old 'stand-by' of 
NP scenarios, namely SUSY models with bro- 
ken R parity, to produce observable effects in an 
ad-hoc fashion. There is every reason to think 
that this emerging renaissance of creative think- 
ing about charm dynamics will continue and bear 
novel fruits. 
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The Super Flavour Factory allows comprehensive 
charm studies in two different environments: 



f. One has the large production rate of charm 
mesons and baryons at (or close to) the T(45) 
and can benefit greatly from the Lorentz boost 
imparted onto the charm hadrons. 



2. The Super Flavour Factory design discussed here 
allows running at the charm threshold region, 
where one can make use of quantum correla- 
tions. With data collected at charm threshold 
one will also be able to use a D recoil technique 
to search for rare decays that may be otherwise 
background dominated. Such recoil analyses in 
B decays provide useful constraints on scenarios 
of physics beyond the SM, and the D analogues 
of these will, in general, also be interesting. The 
anticipated ultra-high luminosity is again cru- 
cial, since high statistics can be achieved with 
relatively limited running. This will provide a 
raw sample of 1.8 x 10 9 D° D° and 1.5 x 10 9 D+ 
D~ pairs. We will demonstrate that valuable in- 
formation relevant to interpretation of the role 
of NP in charm decays can be made from a sam- 
ple of ~ 500 fb _1 obtained from a Super B run 
at the ■0(3770). This could be accumulated in a 
few months' running. 



A. On the Uniqueness of Charm 

In general NP will induce flavour changing neu- 
tral currents (FCNC). The SM had to be crafted 
judiciously to have them greatly suppressed for 
strangeness; the weight of FCNC is then even more 
reduced for the up- type quarks u, c and t. Yet NP 
scenarios could exhibit a very different pattern with 
FCNC being significantly more relevant for up-type 
quarks. 

Among those it is only the charm quark that allows 
the full range of probes for FCNC in general and for 
CP violation in particular [253] . For top quarks do 
not hadronize |254j thus eliminating the occurrence of 
T° — T° oscillations. Neutral pions etc. cannot os- 
cillate, since they are their own antiparticles; further- 
more CPT constraints are such that they rule out most 
CP asymmetries. 

In general, particles and couplings that enhance 
FCNC in charm above the SM expectation are dis- 
tinct from those that contributed to FCNC in the B 
and K sectors. Thus, charm sector provides a unique 
window to observe or constrain BSM physics. 



B. D° - D° Oscillations 

1. Experimental Status 

While the existence of D° — D° oscillations is con- 
sidered as established - (xd,Vd) ^ (0,0) - the size of 
x o , yo and even their relative strengths are not known 
with sufficient accuracy to know if CPV is manifest in 
mixing. Their accurate values will hardly shed light on 
their theoretical interpretation; yet having them is not 
merely a 'noble goal' (G. Wilkinson), but a practical 
one: for knowing their values with some accuracy will 
help validate measurements of the presumably small 
CP asymmetries, as discussed later. 

So far, almost all the information on mixing param- 
eters has come from decays where the final state / is 
accessible to either D° or D°. In such cases, deviations 
from exponential behavior in the number of D° (£)°)'s, 
N(N), at time t have been exploited. To second order 
in x and y, 



N(t) =N{0) e - Lt x [1 + 



x2 + y 2 ^ ,2^2 



+ I A/ 1 (y cos 5 f +4> f -xsinS f +(j>f)(Tt)], 

N( t ) = iv(o) e - r * x [i + ^p^rw 

+ |A/| -1 (ycos<5/ — cf>f — xsm5f — <j>f)(rt)], 

where X f = (qA f ) / (pA f ), <j>j = ip f + (j> m , and cf) m = 
arg qo /pjj . The first and second terms in Eq. ( 47 ) 
correspond, respectively, to direct decay (D° — > /)% 
and to decay after mixing (D° —> D° —> /) . The third 
term, linear in t, is due to the interference between 
these two. 

The decay amplitudes Af and Af describe, respec- 
tively, the processes D°— >f and D°^f with relative 
strong (weak) phases 8f {tpf). This phase is gener- 
ally unknown, and this limits the measurability of Xd 
and yo to quantities rotated by Sf. However, in de- 
cays to self-conjugate multi-body states (the "golden 
channels") such as h + h~ , h = i or If, where / 
is expressible as a combination of CP odd and even 
eigenstates, Sf is zero (or n), making it possible to 
measure Xjj, yo, (and \qd/pd\ an d 4> m ) directly, with 
a time-dependent Dalitz plot (TDDP) analysis of the 
final, 3-body system. 

Three kinds of successful mixing parameter mea- 
surements have exploited the linear dependence of the 



interference term in Eq. (47 1 on xd and yo (both -C 1): 
Wrong-Sign (WS) decays D° K + 7r~; decays to CP 



4 Charge-conjugate modes are implicitly included unless noted 
otherwise. 
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eigen-states h h + (h = K and h = tt); and decays to 



3-body states (K+n-jr , K° s n 



-it- and K° S K+K- 



)■ 



WS semi-leptonic decays D° — > X + t~vi have also 
been examined for mixing. Such decays can only arise 
from mixing (D° — > D°) followed by decay, so their 
time-dependence is described by the second term alone 
in Eq. (47). The rates, proportional to (x 2 + y 2 )/A ~ 
5x 10 -5 , are very small, however, and only upper limits 
have been found so far. 

Evidence for D°D° oscillations was found by BABAR 
255 and confirmed by CDF 256 from WS decays 
D° —y K + tt~ by comparing their time-dependence with 
that for decays to the Right-Sign (RS) final state, 
/ = K~ir + . In the WS case, direct decays are dou- 
bly Cabibbo-suppressed (DCS), so |A/| ^> 1 and devi- 
ations from exponential are quite large. By contrast, 
such deviations for RS decays are negligible. Even as- 
suming CP conservation (0 m = cj)f — 0), the strong 
phase difference S K7r between D° and D° decays to 
K + ir~ is virtually unknown, making it possible only 
to measure x' 2 and y' , where x', and y' are {xo,yD), 
rotated by angle 6 K „ 



x = xd cos 5 k „ 
y' = y D cos S K „ ■ 



- y D shi(5 A . x 

- x d sin S K7r 



(48) 



and not x and y directly. 

Mean lifetimes, r^h, of decays to CP-even states / = 
h + h~ (where h = n or K) are related to yep-, the value 
of yu if CP is conserved. With CP conservation, yep 
is given by 



Vcp 



t k ~ 



Thh 



-1, 



(49) 



where tk- 7T + is the lifetime for the mixed-CP state 
/ = K-JT+. 

Measurements of y C p by Belle [237] and BaBAR [2351 
I259j show evidence for mixing (yep ^ 0) at a level of at 
least 3ct in each case, and are in good agreement. The 
world average for all measurements is 1.107 ± 0.217% 
[230] . 



WS decays to three-body final states 



have 



been studied by BABAR [261] . In these decays, the final 
state / is specified by its position (si, S2) in the Dalitz 
plot (DP) representing the phase space available to 
the three-body system. The coordinates are two of 
the three squared invariant masses. Eq. (47) applies 



for each point in the DP so, with a model for the vari- 
ation of strong phase 8{s\,S2) over the DP due to fi- 
nal state interactions, both xr> and yo are measurable 
through the interference term in which they are lin- 
ear. However, since there is an unknown, strong phase 
S Kmr , arising from the decay, only x" and y" {xd and 
yo, respectively, rotated by the S Kmr ) are measurable. 
However, unlike the 2-body decay to K + ir~ , these ro- 
tated parameters are both linear, not quadratic as in 
WS K + tt~ decays - a distinct advantage. 



Golden channel decays (to 3-body self-conjugate 
states) do not suffer from the unknown strong decay 
phase, so measurement of xd and yu are, possible. 
Measurements of the K® tt + it~ final state carried out 
by Belle [262 and BABAR [263J have uncertainties in 
Xd and yu of ~ 3 x 10 -3 . In each case, uncertainties in 
the assumptions made in the decay models used to de- 
scribe the strong phase variations in the DP introduce 
irreducible systematic uncertainties of ~ 1 x 10 -3 . 



2. Combination of measurements and CPV 

Asymmetries between D° and D° event samples 
have also been measured, providing information on the 
CP mixing parameters \qd/pd \ and arg(go/p_o)- In 3- 
body decays to self-conjugate final states, these param- 
eters can be determined directly from time-dependent 
effects on the Dalitz plot population. Asymmetries in 
direct decay rates (either allowing Aj ^ Af or not) 
have also provided information on direct CPV. How- 
ever, all these asymmetries are, so far, consistent with 
zero. 

In all, 28 mixing observables have been measured. 
The Heavy Flavor Averaging Group (HFAG) has in- 
cluded these, with their covariances, in a % 2 fit to ob- 
tain mixing parameter values 260 , both allowing for 
CPV and requiring CP conservation. The values ob- 
tained from this CPV fit are 



\9d/p 



* = (0-98™) % 

,| = 0.87+ - 17 
+9.6 



y = (0.83 ±0.16) % 
4> u = (-8.5± r T A )° 
6k«« - (14.8 



-20.2^0 

-22.17 



To summarize, mixing has clearly been established, 
but so far there is no evidence for CPV in charm de- 
cays. As shown later, measurements of Xd depend 
heavily on the golden channels, and of yo on the 
yep results. Uncertainties in xd and yo are of order 
2 x 10~ 3 , too large to detect CPV differences between 
D° and D°. 



3. Measurements of strong phases 

Data taken at the -0(3770) (DD threshold), al- 
low independent determination of the strong phases 
5 f EMI UBS]. Using the coherence of D° and D° 
pairs from ^(3770) decays, values of the strong phases 
8f have been obtained by the CLEO-c collaboration 
212, 266 . An 818 pb _1 sample of such decays for 
6 K „ = (50±f 8 )° ( for D ° "> K+TT-) and <5 Km = (59t 32 )° 



SuperB Progress Report - The Physics - August 2010 



46 



(for D° — > i\ + 7r~7r°) 5 . We note that the overall phase 
for K + Tr~Tr° decays is not quite what is required to 
convert x" and y" to xd and yu since the population 
of the quantum-correlated DP's for events from the 
818 pb" 1 sample is not quite the same as that ob- 
served in freely decaying Z?°'s. A re-averaging process 
would be required. In the projections presented here, 
however, we simply shift the central values as outlined 
to agree with the BABAR central values for xd and Ud- 

These results are less precise than the indirectly 
determined values from the HFAG averages. More 
V>(3770) data is forthcoming, however, from BES III 
which should improve this estimate by a factor ~ 6. A 
500 fb" 1 SuperB run (approximately the same inte- 
grated luminosity as that accumulated by the BABAR 
experiment) at threshold would improve on the CLEO 
measurement by a factor ~ 25, so should add much to 
the precision of the mixing parameters. We examine 
this possibility in Section [5 B 6| 

More interestingly, threshold data also provides a 
measurement of point to point variations in strong 
phase over the K + ir~ir° and K® h + h~ Dalitz plots that 
is independent of any model. The precision and granu- 
larity required of such measurements, per se, is hard to 
assess without detailed simulation, but it should add 
a valuable reality check to any of the decay amplitude 
models presently in use. Such information will clearly, 
therefore, reduce the model uncertainties inherent in 
both TDDP mixing measurements as well as in those 
of CKM 7 that also requires such phase information 
[208] . 



4- Theoretical Interpretation 

Most authors have concluded that effects even as 
'high' as xd — 1% — Vd could conceivably be gener- 
ated by SM dynamics alone (see, e.g., [2531 [267H269] ) . 
Some, however, think that xd in particular might con- 
tain a sizable or even large contribution from NP [253J . 
Short of a breakthrough in our computational powers 
- one that lattice QCD seems unlikely to achieve - this 
issue cannot be decided by theoretical means. 

The current world average value of xd , appears to lie 
at the tantalizingly high end of SM expectations. The 
new TDDP analysis by the BABAR collaboration 263 
of the golden channels, however, indicates a value that 
is consistent with zero. This will reduce the average 
considerably, to little more than 3cr from zero. To 
make progress in understanding what role (if any) new 



5 We take the results from the fit made without input from 
other mixing measurements, and adjust for a i80° difference 
in phase definition used in this paper. 



physics beyond the SM plays in the charm sector, we 
not only need to know how large xd is, but also to 
understand at what level CPV occurs in either mixing 
or in decay. Such effects will show up in asymmetries in 
effective values for xd (or yo) obtained from separated 
samples of D° and D° decays. To answer either of 
these questions will require measurements of xr> with 
a precision at least of the order of 10~ 4 . 

5. Measuring xd and yo at SuperB 

At Superi?, we will address this situation in sev- 
eral ways. First, sample sizes at the T(4S) will be 
much larger, thereby improving statistical precision 
on all current measurements by a factor ~ 12. Simu- 
lation studies have shown that SuperB also provides 
improved D° decay time resolution that effectively en- 
hances this statistical significance by a further factor 
~ 1.5 in event yield [270] though, to be conservative, 
we do not include this in our estimates. 

Secondly, in addition to xrj and yr> , TDDP analyses 
of golden decays can provide direct measurement of 
the CPV parameters \q,d/Pd\ and <p m that should now 
approach a level where CPV could be identified. 

Superi? will use data from -0(3770), anticipated to 
come on the Superi? time-scale from BES III, to over- 
come the limitation imposed by uncertainty in the 
models used to define the strong phase structure in 
the golden channel DP's. Such data can also add in- 
formation on Sf required for mixing measurements in 
other channels. 

Further improvements would also come from 
Superi? data from a dedicated 500 fb _1 run at the 
0(3770). We estimate that this should improve preci- 
sion in xd (and yo) by a factor two and to come close 
to the goal of - 10~ 4 6 . 

6. Projections for mixing measurements at SuperB 

Realistic estimates for the Superi? mixing reach can 
be made on the basis of what has been achieved with 
i?AB.AR's accumulation of 482 fb _1 running at the 
T(4S). Also, by projecting results already obtained 
by CLEO-c, we can estimate the gain we might ex- 
pect from the measurement of strong phases from DD 
threshold data either from BES III, or from a 500 fb _1 
Superi? sample 7 . 



8 We might also speculate on possibilities for time-dependent 
measurements at threshold utilizing the boost unique to 
SuperS, but these studies still have to be made. 

7 In using BES III results, we ignore some differences wrt 
CLEO-c. BES III has no RICH which will affect the pre- 
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In Fig. |16[ a) the four main mixing results from 
BABAR are shown combined into average values for 
(xd, Ud)- To compute this average we used a x 2 
minimization technique, similar to that employed by 
HFAG |260j . which includes effects from correlations 
between the measured observables, (x' 2 ,y') from WS 
D° -> K+%- decays [255], (x",y") from TDDP anal- 
ysis of K + TT~ir° [261] , yep from both tagged [258 and 
untagged [259] samples of D° —> h~h + decays and 
{xdiUd) from the combined Kg h + h~ golden channel 
samples |271| (h = tt,K). In each case, results are 
based upon the assumption of no CPV 



TABLE XV: Mixing parameters (xd,Vd) and strong phases 
<5a-tt and S K + w - n a obtained from \ 2 fits to observables 
obtained either from BABAR or from their projections to 
SuperB. Fit a) is for 482 fb _1 from BABAR alone and this 
is scaled up in b) to 75 ab~ x at T(4S) for SuperB. In each 
case, no input from measurements of strong phase is in- 
cluded. Fit c) includes strong phase information projected 
to come from a BES III run at DD threshold, and d) is 
what would be possible from a 500 fb _1 DD threshold run 
at SuperB. For each of these scenarios, the uncertainties 
due to statistical limitation alone are entered, in parenthe- 
ses, on the line below the results for the corresponding fit. 
In all but fit a) (BABAR results) the central values have no 
meaning. 



Fit 


x x 10 3 


y x 10 3 


<W 




(a) 


n qi +3.12 
°' ui -3.39 


lO.lOlJ;^ 


41.31™ 


43.8 ± 26.4 


Stat. 


(2.76) 


(1.36) 


(18.8) 


(22.4) 


(b) 


xxx^Lq 75 


xxx ± 0.19 


+3.7 
XXX 2 ^ 


+4.6 

.1 .1 ,1, ^ g 


Stat. 


(0.18) 


(0.11) 


(1.3)' 


(2.9)' 


(c) 


xxx ± 0.42 


xxx ± 0.17 xxx ± 2.2 


XXX g ^ 


Stat. 


(0.18) 


(0.11) 


(1.3) 


(2.7)' 


(d) 


xxx ± 0.20 


xxx ±0.12 


xxx ± 1.0 


xxx ±1.1 


Stat. 


(0.17) 


(0.10) 


(0.9) 


(1.1) 



We are omitting other mixing results anticipated to 
come from BABAR data that should also be projected to 
SuperB. These include three further golden channels ■ 



h+h- 



D° -> K+K 



A joint analysis of the channels D° 
anticipated. 



1° -> K° S TT+TT-TT°. 

K^K^ir* is also 



The averages obtained are reported in Table |XV| 
The figure indicates the 68.3% confidence region that 
each of these measurements covers in the (x^^d) 
plane. It is evident that the most precise information 
on xd comes from the golden channels (black ellipse) 
and, for yjj, from the yep results (horizontal band). 



cision of measurements of channels (D° — > Kn, for example) 
where K/tt separation is important. We also observe that sys- 
tematic uncertainties in BES III may take some time to be as 
well understood as those in CLEO-c. 



This fit procedure is repeated on projections to vari- 



ous Super B scenarios. The first of these, in Fig. 16 'b), 
shows expectations of measurements solely from a 
75 ab _1 run at the T{AS). To compare with BaBAR 
results, the various observables are shifted to corre- 
spond to values expected for the xd and yo averages 
for BABAR, and are then smeared with correlated un- 
certainties based on those reported by BABAR, and pro- 
jected to the SuperB sample. 

In making this projection, it is assumed that sta- 
tistical and systematic uncertainties will shrink in ac- 
cordance with the square root of the luminosities - a 
reasonable assumption since major systematic uncer- 
tainties are estimated from data and simulated studies 
that should scale in this way. The Dalitz plot ampli- 
tude model uncertainty in the TDDP of the golden 
channels is, however, left unchanged. While a bet- 
ter understanding of such models could develop on 
the SuperB time-scale, our conservative assumption 
is that it will not reduce this uncertainty. 

This assumption is treated differently in the three 
SuperB scenarios illustrated in Figs. 17'a)-(c). In 



these, measurement of strong phases from data taken 
at DD threshold by CLEO-c |212j . from data antic- 
ipated to come from BES III, and from a dedicated 
500 fb _1 run at ^(3770) by SuperB, are examined. In 
Fig.|17[a), no such data are included (in fact, CLEO-c 
results make little difference). BES III measurements 
are included in Fig. |17[b ) and the putative SuperB 
measurements in Fig. |17[c). 
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FIG. 16: Mixing observables projected into the (xd,Vd) plane. Shaded areas indicate the coverage of measured observables 
lying within their 68.3% confidence region. Contours enclosing 68.3% (la), 95.45% (2a), 99.73% (3a), 99.994% (4a) and 
1 — 5.7 x 10~ 7 two-dimensional confidence regions from the \ 2 fit 1° these results are drawn as solid lines, (a) Shows 
current results from BABAR alone. (The K + -k~tv° projection is omitted since it obscures much of the area shown); (b) 
includes results anticipated from a 75 ab" 1 Super B run at the T(4S) only (no data from ^(3770) running. 



] KJt'h (x,y) — 1-5 <r fit contours 



(a) Super B4S only 




I KJt'n (x,y) □ (S K! J 

I K'l (x",y') ES K'k 

— 1-5 o fit contours 

(b) Super B + BES III 



MKJi'hlx.y) □ KVi" (S,^ 

WS KV (x",y') E3 K'k (5J 

— 1-5 o fit contours 

(c) Super B with 500 lb' 1 atii/(3770 



FIG. 17: Mixing observables projected into the (xo,Vd) plane. Shaded areas indicate the coverage of measured observables 
lying within their 68.3% confidence region. In (b) and (c), the projections of 8 K „ and fc„ measurements are also shown. 
Contours enclosing 68.3% (la), 95.45% (2a), 99.73% (3a), 99.994% (4a) and 1 - 5.7 x 10" 7 two-dimensional confidence 
regions from the \ 2 fit to these results are drawn as solid lines, (a) includes results anticipated from a 75 ab _1 SuperB 
run at the T(4S) only (no data from ?/j(3770) running. In (b) a 10 ftr 1 threshold run by BES III is estimated to provide 
a factor three improvement in the uncertainties arising from the Dalitz plot amplitude model, and a factor six in the 
measurement of the strong phase for D° —¥ K + ir~ and K + -k~tv° decays. In (c) a 75 ab _1 SuperB run at the T(4S) 
is combined with a 500 fb _1 run at the t/j(3770), assumed to reduce DP model uncertainty by a factor 10 and in the 
strong phases by factor given by the ratio of luminosities wrt CLEO-c. Note that the figures use the SAME vertical and 
horizontal scales. 



Our assumption is that such measurements will not 
only provide the average strong phases to be used in 
various channels, but will also improve our DP model. 
Without detailed modeling of ways to include this, we 
estimate, a factor 3 improvement in DP model uncer- 



tainty for BES III data and a factor 10 for the SuperB 
threshold run. 

Averages that result from these assumptions for all 
scenarios are reported in Table |XV| 
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The most precise localization of xr> and yr> is seen 
to come from the golden channels, and it is clear that 
uncertainties in the DP amplitude models represent a 
limiting factor in this precision. It is also notewor- 
thy that the TDDP measurements for K + -k~tt® de- 
cays, with linear dependence on x" , provide a better 
localization of xr> and yr> than do those from the WS 
K + ir~ mode, with dependence only on x' 2 . 

The most dramatic improvements in precision of Xd 
and yo result from a better understanding of DP am- 
plitude models. 

LHCb has projected the statistical uncertainties ex- 
pected in D° mixing observ ables corresponding to a 
In Table 



10 



fb 1 run 



XVI 



we compare these 
projections with the same observables measured in 
BABAR and also with their projections to a 75 fb -1 
SuperB sample at T(4S). 



TABLE XVI: Event yields and projected statistical uncer- 
tainties for various observables for the final BABAR sample, 
a projected 10 fb -1 (approximately five year) LHCb run 
and for a 75 ab" 1 SuperB run at Y(4S). For BABAR, the 
yields for published mixing results using both D*-tagged 
and untagged K~K + and for WS K + ir~ events are scaled 
up from published results to the final integrated luminosity 
of 482 fb" 1 . LHCb estimates come from Ref. [272]. 

Decay Mode BABAR SuperB LHCB 

K+K~ (ZT-tag): 

N (Events) 88 x 10 3 13.7 x 10 6 8 x 10 6 

Aycp (stat) ±3.9 x 10" 3 0.28 x 10~ 3 0.5 x 10" 3 
K+K~ (no tag): 

N (Events) 330 x 10 3 51.4 x 10 6 

Ay C p (stat) ±2.3 x 10" 3 0.19 x 10 -3 
K+n- (WS): 

N (Events) 5.1 x 10 3 0.79 x 10 6 0.23 x 10 6 

Ay' (stat) ±4.4 x 10~ 3 0.31 x 10~ 3 0.87 x 10 -3 

Ax' 2 (stat) ±3.0 x 10~ 4 0.21 x 10~ 4 0.64 x 10~ 4 



Table IXVI indicates the statistical uncertainties in 
the values of xjj and yp expected in the various av- 
eraging scenarios. The LHCb collaboration also plans 
to use 3-body golden channels and decays to the 4- 
body, self-conjugate state K + K~ir + ir~ . These chan- 
nels will, we can assume, benefit from BES III results 
from -0(3770) in a way similar to that discussed above. 
No projections for these modes are yet available, nor 
are systematic uncertainties. 

In summarizing these projections, it is clear that in- 
teresting levels of sensitivity in mixing measurements 
in the precision range of 10 -4 , are achievable both by 
SuperB and LHCb, though SuperB can be expected 
to do better. It is observed that uncertainties in 
are typically twice those of yo- This is probably due 
to the precise yep measurements. It is also clear that 
the TDDP analyses for golden channels are most im- 



portant, and that the main limiting factor for all ex- 
periments is the DP model uncertainty. This can be 
largely mitigated using BES III -0(3770) data. A fur- 
ther factor two improvement is also possible with a 
500 fb" 1 0(3770) run of SuperB. 



7. Estimated sensitivity to CPV from mixing 
measurements 

CPV in mixing, or in its interference with decay 
can reveal information on the underlying parameters 
in the mass matrix |273j , and would have an important 
bearing on the role of NP. A simple strategy for study- 
ing CPV is to measure asymmetries in effective values 
{ x D>yr>) f° r ^° an d ( x D>y~r]) f° r D°. Systematic un- 
certainties will be almost identical for D° as for D°, so 
their contribution to uncertainties in these differences 
can be neglected. Statistical uncertainties are listed in 
Table |XV| and it is seen that SuperB will be sensitive, 
at the 3<t level, to a difference x J, — x^> (y^ — y^) of 
5(3) x 10~ 4 in the average x(y) values. 

If observed, and if they were due to CPV in mix- 
ing, they would provide a measurement of \qd/pd\- 
Neglecting direct CPV, x~^ ~ \qd/pd\xd and x^ ~ 
\p/q\xr>, with similar relations for and y^. Asym- 
metries are, therefore, given by 
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where z can be x D ,y D ,y C p, y' , x" or y" . 

This test can be made in different decay modes. If 
CPV originates in the decay, rather than in mixing, 
then the asymmetries will depend on the mode. 

These asymmetries are largely independent of sys- 
tematic uncertainty. Statistical uncertainties for vari- 
ous BABAR analyses are projected to SuperB to obtain 



the precisions in \qd/pd\ listed in Table XVII If CPV 
originates in mixing, these asymmetries should be the 
same in all modes. 

For the golden channels, a direct measurement of 
CPV parameters \qd/pd\ and <p M , is possible. BABAR 
has yet to make this measurement, so the statisti- 
cal and systematic uncertainties obtained from the 
Belle analysis |262j are projected, in Table XVII to 
the SuperB luminosity at T(4S). Uncertainties aris- 
ing from the Dalitz plot model will be important, and a 
SuperB run at threshold will increase the CPV reach, 
as indicated in the Table. 

A third metric for CPV also comes from measure- 
ment of the asymmetry: 



asL 



- 1+ 



\P\ 4 



\P\ A 



(51) 



SuperB Progress Report - The Physics - August 2010 



50 



TABLE XVII: Estimates for uncertainties in CPV mixing parameters \qo/PD\ and <j> M obtainable at SuperB using 
various methods. Asymmetries a z and asL are as defined in the text, and are determined for the observables and channels 
indicated. Time-dependent Dalitz plot (TDDP) analyses, allowing CPV , include scenarios where uncertainties from the 
decay model are reduced from Belle estimates [262] by either a factor 3 ("BES III DP model") or a factor 10 ( "Super B 
DP model"). 



Strategy 


Decay 


<r(\qn/pn\) X 10 2 


<t(0 m )° 


HFAG (direct CPV allowed): 






Global x 2 At 


< All modes > 


+ 18 

no 




Asymmetries a z : 








x D 


<All modes> 


±1.8 


- 


yn 


<All modes> 


±1.1 


- 


yep 


K+K~ 


±3.8 




V 


K+1T- 


±4.y 




x' 2 


K+TT- 


±4.9 




x" 


K+TT--K 


±5.4 




y" 




±5.0 




TDDP (CPV allowed): 






Model-dependent 


K° s h + h- 


±8.4 


±3.3 


BES III DP model 


K° s h + hT 


±3.7 


±1.9 


SuperB DP model 


K s h + h~ 


±2.7 


±1.4 


SL Asymmetries asL- 






75 ab" 1 at T(4S) 




±10 




500 ftr 1 at 0(3770) 


Ktv 


±10 




500 fb" 1 at 0(3770) 


Xivi 


TBD 





where r^- are decay rates for "wrong-sign" semi- 

leptonic (SL) D (D) decays. Such decays can only 
occur, without NP contributions, through mixing, and 
have a time-dependence oc i 2 e~ rt . Though difficult to 
measure, this asymmetry can be large. For the current 
world average value for \qo/PD\ [260] . it is in the 90% 
confidence range asL & {±0.3, —0.75}. If its measured 
value is not zero, then it is clear evidence for CPV in 
mixing and, therefore, for NP. 

Measurement of cisl using T(AS) data can only 
come from WS, SL decays, so far unseen by any 
experiment. The precision achievable, o~(clsl ~ 
±V S ± B/S, is limited by the number of background 
events, B, beneath a WS signal of S events in the 
sample (of both polarities combined) selected for the 
measurement. 

An estimate of S at SuperB can be obtained from 
RS signals that have been observed by BABAR, using 
the reasonably well-known mixing rate Rm — 5x 10~ 5 . 
Background B under a WS signal can be expected at 
roughly the same level as under the corresponding RS 
signal. 

With these assumptions, we can estimate S(B) from 
two BABAR observations. The first, a conventional, 
singly-tagged RS D* + ->■ £>°7r+ (D° K ~e + v e sam- 



ple Ref. EZl predicts S{B) - 2140(~ Ml) events 
at Superi?, resulting in an uncertainty, (j(clsl) ~ 0.8 
that is not useful. The second, a double-tagged sample 
[275] . with a reconstructed D or D* of known flavour 
on the recoil side is much cleaner and, when projected 
to SuperB, predicts a WS signal of S — 50 ± 16 events 
on a background B = 195 leading to a(asL) — 0.3. 
Improvements in the selection of the latter signal are 
known, in retrospect, to be possible and can lead to 
a precision of a(a SL ) ~ 0.20. This would result in a 
measurement of \qd/pd\ with precision 0.10, listed in 
Table |XVnl 

This asymmetry can also be measured in -0(3770) — > 
D a D° decays from the 500 fb _1 sample. In this case, 
three types of event can be used: 

D° -> Kit ; D° -> Kit, 
D° -> Xlv t ; D° -> Xiut, 
D° -> Xlv t ; D° -> Kit, 

in which both D° and D° decay to the mode 
with the same sign K mesons, where both D° and D° 
decay semi-leptonically with leptons of the same sign, 
or where one of the -D's decays semi-leptonically and 
the other to Kir where the lepton on one side has the 
same sign as the K meson on the other. In the first 
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case, Bose symmetry prevents DCS decays to a WS 
Kir state so that mixing has to occur in either the D° 
or the D° decay. 

CLEO-c has published data with 630 events with 
a (RS-RS) Kir on each side, with virtually no back- 
ground events from their 280 pb -1 -0(3770) sample. 
Guessing that the background for a (RS-WS) combi- 
nation (not published) is 0.1 events, then this projects 
to 56 signal and 178 background events in our puta- 
tive 500 fb _1 sample. This would allow a precision of 
approximately 26% in asL (13% in \qd/pd\)- No data 
on the second mode are published, though studies are 
underway. 

The third mode has, however, been observed by 
CLEO-c [276] and the electron events are virtually 
background free. In these cases, however, an ambi- 
guity arises over which decay is WS. The probability 
for the Kir decay to be DCS is ~ 3 x 10~ 3 and for the 
SL decay to have been preceded by mixing the prob- 
ability is ~ 5 x 10~ 5 . It is possible that the different 
(and coherent) time-dependencies can be used to dis- 
tinguish these, but a simulation study must be made 
to estimate how well this could work. 

We can, perhaps, imagine a combined result from 
all three modes with a(asL ~ 20% (10% uncertainty 
in |to/tol)- This estimate, with other estimates for 
CPV reach, are included in Tabic XVI 1 1 Asymmetries 
in other mixing parameters come closer to challenging 
SM estimates than do those from qsl measurements. 



low. Yet as illustrated below their CP asymme- 
try could be rather large. 

It should be noted that also non-leptonic modes 
of neutral D mesons depend on the quantity 
\qd/pd\, see Eq. ((54). 



'CP violation involving D° — D° oscillations': 
it can emerge in non-leptonic final states com- 
mon to D° and D° decays in qualitative, though 
of course not quantitative analogy to Bd — ¥ 
tpKg. Relevant channels are D° —> Ks<p/rj, 
K + K~ /ir + ir~ , K + ir~ on the Cabibbo allowed, 
once and twice forbidden levels, respectively. 
CP asymmetries are driven by |to/tol ^ 1 as 
well as Im|g-p(/) ^ with p(f) = T(D° -> 
f)/T(D° — > f) denoting the ratio of decay am- 
plitudes. Such asymmetries depend on the time 
of decay in a characteristic way, which can be 
well approximated by a linear dependence due 
to x D , y D < 1: 



T(D°(t) /) - T(D°(t) 



T(D°(t) 
with 
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cos 2ip - 
sin 2(p, 



(53) 



(54) 



C. CP Violation 



1. Generalities 



On the phenomenological level one differentiates be- 
tween two classes of CP violation, namely indirect CP 
violation residing in AC = 2 dynamics driving oscilla- 
tions and direct CP violation affecting AC = 1 decays. 
These two sources can produce three classes of effects 
[277] : 

1. 'CP violation in D° — D° oscillations': due to 
the SM's selection rules this is most cleanly ex- 
pressed through a difference in the transitions to 
'wrong-sign' leptons: 



a S L(D°) = 



T(D°{t) -> t 
T(D°(t) ->• t 



DK+) - T(D° -> i+vK~ 
9K+) + T(D° 1+vK- 



Itol 



\pi 



Itol 



\PL 



(52) 



While the fraction of wrong-sign leptons oscil- 
lates with the time of decay, the fractional asym- 
metry does not. Data tell us that the production 
rate of 'wrong-sign' leptons in D decays is very 



in the absence of direct CP violation. In that 
case one has a useful connection between the two 
asymmetries listed so far |278L 1279) : 



vl 



to 



(55) 



3. 'Direct CP violation' characterized by a differ- 
ence in the moduli of the decay amplitudes de- 
scribing CP conjugate transitions: 



\T(D ^ f)\ ^ \T(D ^ f)\. 



(56) 



For two-body final states it requires the presence 
of two coherent amplitudes differing in both their 
weak as well as strong phases. 

Three-body final states with their much richer dynam- 
ical structure can provide us with more detailed in- 
formation about the operators driving these decays 
280 . Accordingly they require a more involved anal- 
ysis. Fortunately a great deal of experience exists on 
how to deal with it through Dalitz plot studies. A Su- 
per Flavour Factory provides a particularly suitable 
environment, since it allows one to study not only 
all charged particle final states like D^- — > 7r ± 7r + Tr _ 
but also ones with neutrals like D° — > ir + ir^ir° and 
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D ± — > 7r ± 7r°7r°. Comparing transitions with different 
charge combinations provides insight into the impact 
of the strong interactions. A working group of theo- 
rists and experimentalists has been formed under the 
name 'Les Nabis' [281] to refine the theoretical tools for 
Dalitz plot studies to a degree that the huge statistics 
anticipated from a Super Flavour Factory can be ex- 
ploited. While a full Dalitz plot description has to be 
the ultimate goal, achieving it represents a long term 
task. A model independent method has been proposed 
in Ref . |280j as an intermediate step at least. 



2. SM Expectations 

As far as direct CP violation in the SM is con- 
cerned, it can occur only in singly Cabibbo suppressed 
channels, but not in Cabibbo allowed and doubly sup- 
pressed ones, where one has only a single weak am- 
plitude. Thus any observation of a CP asymmetry 
in the latter establishes the intervention of NP - ex- 
cept for final states containing Kg mesons, where the 
CP odd component in the K$ wave function induces 
an asymmetry [277] . Cabibbo suppressed modes like 
D Q — > K + K~, 7r + 7r~ are expected to show direct CP 
violation within the SM, yet only on the 0(1O~ 4 ) level. 

While D° — D° oscillations are dominated by long 
distance dynamics within the SM, CP violation can 
arise there through \qr>IVD\ 7^ 1 via a deficit in 
weak universality, albeit only on less than the 10 -3 
level [269J . Time dependent CP asymmetries involv- 
ing oscillations can arise also in the SM. Since, how- 
ever, they are driven by terms of the form xd or yo x 
lm^p(f), they cannot exceed the 10 -5 level. 

In summary: Due to the impact of non-perturbative 
dynamics that are beyond firm theoretical control one 
cannot make accurate predictions on SM CP asym- 
metries in charm decays. Nevertheless one can make 
highly non-trivial ones, as sketched above, namely that 
they are at best tiny. One cannoi count on NP cre- 
ating large CP asymmetries in D transitions, but its 
manifestations might be clearer here than in B decays; 
for the SM creates much smaller "backgrounds"; i.e., 
SM CP effects are much larger in B decays than in D 
decays, thus: 



exp. NP signal 
SM CP "backgr." 



> 



exp. NP signal 
SM CP "backgr." 



(57) 



3. Experimental Landscape 



While it is an experimental fact that no evidence for 
CP violation has emerged in charm transitions so far, 
one should not over-interpret this statement. In par- 



ticular, CP asymmetries involving oscillations depend 
on expressions of the form xd or yu x weak phases 
and with xd and y_D < 1% one can hardly exceed the 
1% level. To put it differently: only recently has one 
entered a regime where NP has a chance to induce an 
observable asymmetry, yet now any improvement in 
experimental sensitivity could reveal an effect. 

CPV in a decay D —> f results in a time-integrated 
asymmetry 



r 



(58) 



where T is the decay rate, and T is that for the con- 
jugate decay D — > f. For charged D or D s any asym- 
metry would arise from direct CPV, while for D°, it 
could also result from CPV in the mixing or the inter- 
ference between mixing and decay (indirect CPV). In 
this case, for a small asymmetry, 



.4 



/ — a d + a m + a i 



(59) 



where a^, a m and a.; are, respectively, asymmetries 
resulting from direct CPV in the decay, mixing and 
from the interference between these. 

Until recently, measurements of Af were limited to 
a precision of a few times 10 -2 by two experimental 
uncertainties. The first arose from an asymmetry of or- 
der 10~ 2 in detection and reconstruction efficiency be- 
tween positively and negatively charged particles that 
used to be measured using samples of events generated 
in simulations. These simulations are always limited 
in the precision with which they can mimic differences 
in interactions between positive and negative parti- 
cles and the various detector components. The second 
uncertainty arose from the poorly-known production 
asymmetry inherent in e + e~ — > cc interactions result- 
ing from Z° — 7 interference, and from higher order 
effects (ISR, FSR, box diagram, etc.) Together with 
the built-in forward-backward asymmetry in detector 
efficiency, this led to an unknown apparent asymmetry, 
also of order 10~ 2 . 

A way to overcome these uncertainties has recently 
been found by the BABAR collaboration 282 in their 
measurement of A K + K - from D*-tagged D* — > D°(— > 
K + K~)ir s decays. They use data rather than simula- 
tions to estimate the charge asymmetry in efficiency 
for the 7r s 's, measuring the ratios of ir s to the cor- 
responding D° —> K~tt + decay for each charge sep- 
arately. These ratios should be the same, assuming 
only that these Cabibbo favored decays exhibit no 
CPV. The uncertainty in the charge asymmetry, once 
a subject of simulation-limited systematic uncertainty, 
is thereby limited only by the data sample size. They 
also eliminated the effect of the production asymmetry 
simply by evaluating Af in slices of production angle. 



With these innovations, a precision in A 



k + k- 
f 



of 



3.6 x 10 3 (upper limit of ~ 1%) was obtained. Af for 
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D° — > 7r + 7r and for D° — > ir + ir ir° modes were also 
measured with precisions in the range 4 — 5 x 10~ 3 

The Belle collaboration |284) used these technique 
to obtain a similar precision in the K + K~ mode, and 
have recently adapted it to decays of charged mesons 
in the modes D+ s) -S- K° s ir+ and D+ s) -> K°K+ [255] . 

obtaining comparable precisions in the few times 10~ 3 
range. These decays are expected to have an asym- 
metry, induced by the CP-odd component in K®, of 
-2Re{e K } ^ -3.3 x 10" 3 [2SB]. 

Since systematic uncertainties can now be estimated 
from data, they should scale in the same way as statis- 
tical uncertainties. SuperB, therefore, should be able 
to achieve a precision of a few parts in 10 -4 in similar 
measurements. For these singly Cabibbo-suppressed 
decays, this is close to SM expectations. Furthermore, 
the SM limit for D+ } -> K^tt+ and D+ } -> K%K + 

decays of ~ —3.3 x 10 -3 can be confronted with a 
truly precise measurement at SuperB. It is conceiv- 
able, therefore, that effects from NP should be observ- 
able! 

The effects of CPV in multi-body final states such as 
D° —> h + h~TT° will ultimately be more likely to appear 
in the sub processes of which it is made. For instance, 
Af may be expected to be different for D° — > p°ir° 
from that for D° — > /o(980)"7r°. Asymmetry in the 
total h + h~n° system would, therefore, probably be 
diluted. BaBAR examined this possibility in several 
ways for these channels |283j . Differences in the (nor- 
malized) D° and D° Dalitz plot distributions, and 
their Legendre polynomial moments in each of the 
three channels were examined for structure. None was 
found, to a precision of a few parts in 10~ 2 . 

Such model-independent tests are virtually free from 
PID and other experimental asymmetries, since rates 
are normalized to the total number of events in D and 
D° Dalitz plots. A 75 fb _1 at the T(45) sample from 
SupcrB should, therefore, be capable of observing a 
CPV effect, for instance, in D° — > p°7r° at a few parts 
per 1(T 3 . 

Other tests of CPV can also be projected to SuperB 
performance levels. Measurements of the "T-odd" 
quantity 286 

C T = Pk+ ■ (Ptt+ XPn-), (60) 

can provide a sensitive test for D° K + K~it + it~ de- 
cays. In practice, it is necessary, to eliminate the ef- 
fects of final state interactions, to measure the differ- 
ence in asymmetries At — At, where 

A = r(B°,c r >o)-r(B°,c T <o) 
T r(Bo,c T >o) + r( J Do,c T <o)' [ ' 

and At is the corresponding quantity for D° decays. 
This has recently been measured by the BABAR col- 
laboration [257] who find a value (1.0 ± 6.7) x 1CT 3 . 



The systematic uncertainty includes a contribution of 
3.5 x 10~ 3 from PID. Improvements in PID are con- 
templated at SuperB, so the limiting precision could 
be somewhat better than this - perhaps 2 x 10 -3 . 



4- Littlest Higgs Models with T Parity - A Viable 
Non-ad-hoc Scenario 

What has changed over the last two years - and is 
likely to produce further 'fruits' in the future - is that 
theorists have developed non-ad-hoc scenarios for NP 
- i.e. ones not motivated by considerations of flavour 
dynamics - that are not minimal flavour violating |278[ 
[275] , 

'Little Higgs' models are motivated by the desire to 
'delay the day of reckoning'; i.e., to reconcile the non- 
observation of NP effects in the electroweak parame- 
ters even on the quantum level with the possibility to 
discover NP quanta via their direct production in LHC 
collisions. A sub-class of them - Little Higgs models 
with T parity - are not minimal flavour violating in 
general and in particular can generate observable CP 
violation in charm decays [278] . Since they are rela- 
tively 'frugal' in introducing extra parameters, observ- 
ing their quanta in high p t collisions would allow one 
to significantly tighten predictions of their impact on 
K . D and B decays. 

While these models are hard pressed to generate 
values for \<Id/Pd\ oufeide its present experimental 
range of 0. 86^15: they can well induce it inside it; 
i.e., they could move \q,d/Pd\ much further away from 
unity than the less than 10 -3 amount expected for the 
SM. Likewise they could produce CP asymmetries in 
D° -> K s <(>, K+K~, tt+tt- up to the 1% level; i.e., 
much larger than the 10 -5 SM expectation. It should 
also be noted that in some parts of the parameter space 
of these models their impact could not be identified in 
B decays: in particular the CP asymmetry in B s — > ijxj> 
would still remain below 5% as predicted in the SM. 
Their strongest correlation exists with the branching 
ratio for the ultra-rare mode Kl — > tt°vD [278] . 



D. Rare Decays 

1. D°^fj,+n-, 71 

D° —> has, potentially, the cleanest experi- 

mental signature if seen at rates greater than D° — > 
77. However, its rate suffers greatly from helicity sup- 
pression and the need for weak annihilation - two ef- 
fects that are basically model independent. In the SM 
the rate is estimated to be greatly dominated by long- 
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distance dynamics - yet on a very tiny level 

BR(D° -> m + M")sm - BRP^^VIld 

~ 3 • 10~ 5 x BR(£>° -> 77 )sm- 

(62) 

With the SM contribution to D —> 77 again being 
dominated by long-distance forces [2S8J 



BR(B° -> 77 ) S M ^ BR(B° -> 77 ) LD ~ (1±0.5)-10- 



one infers 



BR(D° -> 



SM 



3 • 10" 



-13 



to be compared with the present bounds 



BR(B° -> 
BR(B° 



77) 



< 5.3 

< 2.7- 



10 
10 



(63) 
(64) 

(65) 
(66) 



The bound of Eq.(66) implies a bound of 10 in 



Eq.(65l - i.e., a much tighter one. In either case 



there is a rather wide window of opportunity for dis- 
covering NP in D° —> As pointed out in 

289^ in several NP models there is actually a rela- 
tively tight connection between the NP contributions 
to BR(£>° -> Ai + /i") and i D . 

Specifically, LHT makes short-distance contribu- 
tions to D° — > /i + [i~ and D° — > 77 that can be calcu- 
lated in a straightforward way as a function of viable 
LHT parameters. Their size is under active study now 

290 . No matter what drives D° —> 77 - whether it 
is from short or long distance dynamics - it provides 
a long distance contribution to D° — > For a 

proper interpretation of these rare D decays it is thus 
important to search for D° — > 77 with as high a sen- 
sitivity as possible. 



2. D^-i+rx 

It has been suggested that studying D —> jX etc. is 
very unlikely to allow establishing the presence of NP 
because of uncertainties due to long distance dynam- 
ics |288j . The same strong caveat probably applies also 
to D — > l + l~X, unless a CP asymmetry is observed 
there, in particular in the lepton spectra. However, 
BaBar's experimental limits on the D + — > 
branching fractions |291j . obtained with 288 fb" 1 , are 
about an order of magnitude above the theoretical cal- 
culations based on long-distance effects [292]. There- 



fore, the high SuperB luminosity should enable prob- 
ing of these effects, as well as provide hadronic-mode 
measurements needed to improve the calculations. For 
many D° — > Xl + l~ decays, the only existing upper 
limits are from searches by CLEO |293j . performed 
with 3.85 fb _1 . There is clearly much room for im- 
provement in these modes. 



E. Experimental possibilities for rare decay 
searches at SuperB 

The scale for rare decay rates at SuperB is set by 
the numbers of D mesons that will be produced. From 
a 75 ab" 1 sample at T(4S) ~ 7.5 x 10 10 are expected. 
A 500 ftT 1 sample at V(3770) produces - 2 x 10 9 . A 
special advantage in rare decay searches from the use of 
events at threshold is that backgrounds are extremely 
low, in most instances. 

The SuperB reach can be estimated for the D° —> 
fi + fi~ rate from current measurements from BABAR 
(and Belle). The best published limit on the D° — > 
rate so far is from BABAR (13 x 10~ 7 ) 294 . 



Lower, unpublished limits are also available now: 4.3 x 
10~ 7 from CDF [295 (360 pb~\ unpublished) and 
1.4 x 10- 7 from the Belle collaboration A fur- 

ther, similar result from BABAR is also imminent. 

Results from neither of these experiments are yet 
limited by systematic uncertainty. The major source 
of background in each case is from D° — > tt + tt~ de- 
cays, where the 7r's either decay in flight to \x or are 
mis-identified by the PID devices. This background 
peaks at a mass below, but has a significant tail in 
the /i + fi~ invariant mass signal region. There is also a 
flat, combinatorial background from semi-leptonic B 
decays that is hard to eliminate. These two sources 
account for 90% of the background. 

In the significantly larger SuperB samples from 
T(AS) running, these backgrounds should be relatively 
simple to parameterize, and the major limiting factor 
should be the uncertainty in their shapes. It is rea- 
sonable to assume that limits in the lower 10 -8 level 
should be achievable. For comparison, the LHCb ex- 
periment can also reach a level of about 2, 5 x 10 -8 
before reaching a systematic limit. 

Prospects for searches for these decays in a Superi? 
run at threshold could provide an interesting opportu- 
nity in the search for NP. Further study is, however, 
still required and is ongoing. BES III estimates are 
for a limit of 1.7 x 10~ 6 per fb _1 , but this estimate 
cannot be easily scaled up to the 500 fb _1 anticipated 
at SuperB. 

At the -0(3770), there will be no background from 
B decays of course, but the most serious background 
will come from D° — > ir + ir~ decays. The D°'s are 
produced with virtually no transverse momentum so, 
in this view, the muons have equal and opposite mo- 
menta - an excellent kinematic signature that should 
help reduce the number of ~> /Lt decays in 
flight, which confuse PID selectors. The muons from 
D° — > ^t + /i~ decays will have laboratory momenta of 
~ 0.9 — 1.0 GeV/c, a range where none of the BABAR 
PID devices would work well in separating them from 
pions. SuperB PID systems, however, should perform 
significantly better. Many of the muons will hit the 
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end-caps where a TOF device, one of the SuperB op- 
tions being considered, should perform well. The fo- 
cusing DIRC option for the barrel PID system should 
also perform significantly better in distinguishing fj, 
from 7r than the BABAR DIRC in this momentum range. 
Kinematic separation of it + tt~ and modes is also 

attainable, making use of the beam energy constraints 
used in many CLEO-c analyses. These issues are un- 
der simulation study at this time. It is conceivable 
that running at charm threshold will open up the low 
10 -8 or high 10 -9 range of sensitivity, a very interest- 
ing range for this important branching fraction. 

Decays of D° -t e+e" and (LFV) D° -> e=F M ± 
should also be accessible at rates that can be esti- 
mated from current BABAR and Belle results. The first 
of these decays is predicted to be ~ 10 -18 , by the 
SM. The LFV modes can occur in the SM at a rate 
~ 10~ 14 . Observation of these modes at SuperB would 
require explanation beyond the SM. 

The best rates so far, B(D° -> e+e~) < 7.9 x 1(T 8 
and B(D° —> e f£^) < 2.6 x 10~ 7 are preliminary from 
Belle [296]. In the modes with electrons, more back- 
ground will exist from 7 conversions, but PID would 
be more reliable than for the fi + pT mode. SuperB 
should be able to achieve rates an order of magnitude 
lower than this. 

Upper limits on the D° — > 77 decay rate, of impor- 
tance in estimating long range effects in SM calcula- 
tions of rare decay modes such as D° — > have 
been published. The best so far (< 2.9 x 10~ 5 ) comes 
from CLEO [297J using a 13.8 lb" 1 sample taken at 
T(45). BABAR should publish a limit in the region of 
2.5 x 1CT 6 in the near future using 481 fb" 1 . Extend- 
ing this to SuperB, it is possible to reach the mid to 
low 10~ 7 range at the T(45). 

Prospects for a measurement of the D° — > 77 decay 
rate at threshold are good. A recent CLEO-c thesis 
|298j demonstrates an efficiency for this mode at 5.2%, 
with no background events detected in a 818 pb _1 
sample at ^(3770). A reasonable projection from this 
is that a limit of a few times 10 -7 can be achieved, 
a very useful clarification of the SM and of the true 
D° —> f-i + p~ rate. 

1. D-tl+rX 

The SuperB reach can be estimated from limits in 
these modes obtained by the BABAR collaboration 1291 j 
using a 288 fb -1 sample. These are a few parts per 
million for D + modes and a factor three larger for D s . 
Best limits for D° modes are in the 10~ 3 to 10~ 4 range 
[293] from a 3.85 fb" 1 sample. One of the largest back- 
grounds in all cases again comes from semi-leptonic B 
decays. With a 75 ab _1 sample, this can be modeled 
quite well from data sidebands - more precisely than in 



BABAR. It is reasonable to expect that rates an order 
of magnitude lower can be achieved, pushing several 
rates within the range of SM predictions [288J 1292] 
from long range effects. At charm threshold, CLEO-c 
can probe rates for decays of D + and for D s in the 
few times 10~ 6 range [276J, comparable to rates from 
BaBAR. The projection to a run of 500 fb' 1 at thresh- 
old, therefore, SuperB could outperform results from 
the T(AS) by a factor ~ 2. 

Better estimates for the reach achievable in the 
modes discussed will require more simulation, mostly 
because PID devices are an important component of 
each result. SuperB PID should, in all cases, be su- 
perior to BABAR, so these limits may err on the con- 
servative side. More information from CLEO-c data, 
as yet unpublished, should also be forthcoming. This 
can be used to improve on estimates of the expected 
performance from data at charm threshold. 

F. A case for Running at the DD threshold? 

If taken sufficiently early in the SuperB run plan, 
the data sample at 0(3770) could lead to significant 
discoveries in a much shorter period than would be 
possible without it. One example is the search for 
D° — » decay. If this occurs at a rate of a few 

times 10~ 8 , a sure sign of NP, a signal could be seen 
in T(4S) data only after the full 75 ab _1 sample is 
analyzed. Meanwhile, the LHCb experiment will have 
already seen this signal too. The same signal could 
be seen in the 0(3770) data that could be taken in a 
few months' running at reduced luminosity 8 . Were 
this data taken early in the SuperB schedule, a more 
competitive, and complementary discovery would be 
possible much sooner. 

There are many good reasons to collect events at (or 
near) charm threshold. For such events, tagging those 
in which one D meson is identified, the other D can 
be studied with very small background contamination. 
These can, therefore, be used to search for rare decays 
and, potentially, asymmetries that are especially sen- 
sitive to backgrounds. 

In several charm studies, particularly those involv- 
ing leptonic or SL decays of charm particles, the 
CLEO-c collaboration has shown that data with an 
integrated luminosity of 818 pb _1 of data taken at 
the ■0(3770) can provide measurements that are com- 
petitive with, or superior to, those from approxi- 
mately three orders more data from BaBAR and Belle 



A re-configuration of the final focus is required for such a run. 
The machine is designed to make this possible in a period of 
order one month. It is unlikely that the ip (3770) run could 
require as much as a whole year to complete. 
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at the T(4S). The proposed 500 fb _1 data sample at 
0>(377O), almost 1% of the integrated luminosity antici- 
pated at Y(4S), and the availability of time-dependent 
information in the decays from the (albeit modest) 
boost, represent an even richer prospect for discovery. 

Running at charm threshold also provides an essen- 
tial check on any new discovery in T(45 l ) data. A con- 
firmation and possible clarification of the result can 
made more easily in a different charm production sce- 
nario than in a repetitive study with a significantly 
enhanced sample at 45*. 

Quantum correlations in decays of D pairs from 
V>(3770) can lead to measurements of their relative 
strong phases. It is conceivable that, with the SupcrB 
boost, any weak phase could, in principal, also be stud- 
ied, though the precision achievable requires further 
study. 

In addition to the aforementioned studies, one could 
test for possible CPT violation in D°D° decays, which 
could be manifest through Lorentz violation (For ex- 
ample see Refs. [299 H301] ) or decoherence effects (For 
example see Ref. [302 and references therein) of the 
correlated wave-function of the neutral mesons. This 
is an interesting area that needs to be studied, as CPT 
could be violated in different ways in K, D, and B me- 
son states. 

Below, we summarize a few specific areas where 
■0(3770) data have already been noted to add to the 
physics reach from that achievable with T(45) data. 

• Search for D° — > /i + pT 

These rare decays are a clean signal for new 
physics, if seen. At T(4S), our upper limit 
should be in the low to mid 10 -8 range when 
PID efficiency (for mis-identification) will limit 
our reach. At -0(3770), we would rely on kine- 
matic separation in addition to PID, so a lower 
limit is conceivable, provided that kinematic res- 
olution is sufficiently good. This needs further 
study, but we can expect to achieve a limit sim- 
ilar to that from T(4S) data. 

• Improved precision in mixing parameters x d o,nd 
Vd 

Running at DD threshold allows independent 
measurements of strong phases S K7r , 8 KwK , etc.. 
for channels that we will use for mixing measure- 



ments at the T(45). In Table|XV|and Figs.[16fc) 
and (d), results that might be expected from in- 
clusion of such measurements of S K7r from the 
10fb _1 threshold sample expected to come from 
BES III and also what we would expect from 
a 500 fb -1 at SuperB are indicated. As can be 
seen, running at threshold brings a factor 2 in 
precision of the measurements of xd and yrj- 



A large part of this improvement comes from a 
model independent strong phase measurement 
over the K°h+h- Dalitz plots. This improve- 
ment will also apply to measurements of CKM 
7 that are limited by these models. The im- 
provement should be a factor 3 or more than 
that which will be available from BES III data 
from 0(3770). 

• Measurement of a SL 

This parameter cannot be measured well at 
T(AS). We expect a precision of only about 
±0.8 from the small sample of WS SL decays. 
Prospects are somewhat better at the 0>(377O), 
using WS Ktt decays to obtain a precision of 
about 20%. This situation could improve to 
a more useful level if, following studies with 
CLEO-c data yet to be made, we find that we 
are able to use events in which both D°'s decay 
to SL modes. 

• Time- Dependent Measurements 

A study needs to be made to see if time- 
dependent correlations in D decays from -0(3770) 
can provide any information on weak phases in 
the charm sector, a signal for NP. 

• Impact on the measurement of"/ 

Measurements of D decays at charm threshold 
can be used to reduce model uncertainties on 
the extraction of 7, not only for SuperS, but 
also LHCb. See Section l3Fl for more details. 



Electroweak neutral current 
measurements 



The combination of high luminosity and polarized 
electrons at Superi? provides a unique opportunity to 
measure a number of electroweak neutral current pa- 
rameters with precisions comparable to those obtained 
at SLC and LEP but at a Q 2 of (10.58 GeV) 2 . The 
cross-sections for e + e~ — > fi + (i~ , as for the other final- 
state fermions, are sensitive to the beam polarization 
almost entirely through Z — 7 interference. Although 
the asymmetries are small, the Superi? sample size will 
be sufficiently large to yield very interesting physics. 



SuperB Progress Report - The Physics - August 2010 



57 



This physics program includes precision sin 2 9w mea- 
surements with fj, + fi~ , t + t~ and cc events as well as 
measurements of the neutral current vector coupling of 
the b. Such measurements are sensitive to a Z' and can 
probe neutral current universality at high precision. 

With polarization, SuperB will make a relatively 
straightforward measurement of the left-right asym- 
metry of e + eT — > in a manner identical to that 
performed by the SLC collaboration [3031 1304) which 
operated at the Z-pole. SLC measured sin 2 9w = 
0.23098 ± 0.00026 where the error includes a system- 
atic uncertainty component of ±0.00013 dominated by 
the polarization uncertainty of 0.5%. The ZFITTER 
software has been used to estimate the level of sen- 
sitivity that might be reached at SuperB where the 
left-right asymmetry is be approximately —0.0005. A 
e + e~ — > /J + /i~ (7) selection using BAB4R data had a se- 
lection efficiency of 53% for a 99.6% purity. Such a se- 
lection will provide a sample of 46 billion /z-pair events 
at Super B for an integrated luminosity of 75 ab" 1 . As- 
suming 80% polarization can be achieved, the statisti- 
cal error on the left-right asymmetry will be approxi- 
mately 5 x 10 -6 which corresponds to a relative error 
of 0(1%). If the polarimeter systematic errors can 
be kept below this level, the uncertainty on sin 2 9w 
will be ~ 0.0002, which is competitive with the SLC 
measurement but at a much lower Q 2 . Similar mea- 
surements can be made with e + e~ — > t + t~(7) and 
with charm, although one would expect the statisti- 
cal errors to be larger owing to a lower selection effi- 
ciency. Nonetheless, those measurements will provide 
the most stringent tests of neutral current universality. 

These precision measurements are sensitive to the 
same new physics scenarios, such as a Z', being probed 
by the QWeak experiment at the Jefferson Laboratory, 
which will measure sin 2 9w to approximately 0.3% at 
Q 2 — (0.16 GeV) 2 . Figure 18 shows the current and 
planned measurements of sin 9w- 

As SuperB will be running on the T(4S), the left- 
right asymmetry for B-mesons will be sensitive to the 
product of the electron neutral current axial coupling 
and b-quark neutral current vector coupling gy, as 
described in a proposal for measuring the g v at a 

factory [305] . With one billion reconstructed BB 
events from T(AS) decays with an 80% polarized beam, 
SuperB will provide a measurement of g v that is com- 
petitive with the measurement from LEP and SLC, 
g\ = -0.3220 ± 0.0077[? ] but at a lower Q 2 . In 
addition to probing new physics, this measurement 
will shed light on the long-standing 3er difference be- 
tween the measurements of sin 2 9w obtained from the 
forward-backward asymmetry of b-quarks and those 
obtained using leptons. 

We note that other asymmetry measurements at 
SuperB, such as the forward-backward left-right asym- 



metry can provide additional information about neu- 
tral current couplings. 
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FIG. 18: Summary of experiments that have measured or 
are proposing to measure sin 2 8w as compiled in [306 . The 
standard model running of sin 2 8w is overlaid on the data 
points. SuperB will provide a point at Q = 10.58 GeV 
with an error comparable to that of the measurement at 
the Z-pole. 



7. Spectroscopy 



A. Introduction 

Although the Standard Model is well-established, 
QCD, the fundamental theory of strong interactions, 
provides a quantitative comprehension of phenomena 
at very high energy scales, where perturbation theory 
is effective due to asymptotic freedom. The descrip- 
tion of hadron dynamics below the QCD dimensional 
transmutation scale, in spite of the success obtained 
with numerical simulations on the lattice, is not under 
full theoretical control. 

Systems that include heavy quark-antiquark pairs 
(quarkonia) are a unique and, in fact, ideal labora- 
tory for probing both the high energy regimes of QCD, 
where an expansion in terms of the coupling constant 
is possible, and the low energy regimes, where non- 
perturbative effects dominate. For this reason, quarko- 
nia have been studied for decades in great detail. The 
detailed level of understanding of the quarkonia mass 
spectra is such that a particle mimicking quarkonium 
properties, but not fitting any quarkonium level, is 
most likely to be considered to be of a different na- 
ture. 
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In particular, in the past few years the B Factories 
and the Tevatron have provided evidence for states 
that do not admit the conventional mesonic interpreta- 
tion and that instead could be made of a larger number 
of constituents. While this possibility has been consid- 
ered since the beginning of the quark model [307J , the 
actual identification of such states would represent a 
major revolution in our understanding of elementary 
particles. It would also imply the existence of a large 
number of additional states that have not yet been 
observed. 

Finally, the study of the strong bound states could 
be of relevance to understanding the Higgs boson, if 
it turns out to be itself a bound state, as predicted 
by several technicolor models (with or without extra 
dimensions) [50511505] . 

The most likely possible states beyond the mesons 
and the baryons are: 

• hybrids: bound states of a quark-antiquark pair 
and a number of constituent gluons. The lowest- 
lying state is expected to have quantum numbers 
J PC = o+-. Since a quarkonium state cannot 
have these quantum numbers (see below), this 
is a unique signature for hybrids. An additional 
signature is the preference for a hybrid to decay 
into quarkonium and a state that can be pro- 
duced by the excited gluons (e.g. Tr + ir~ pairs); 
see e.g. Ref. [3T01I3TT] . 

• molecules: bound states of two mesons, usually 
represented as [Qq][(z'<9], where Q is the heavy 
quark. The system would be stable if the binding 
energy were to set the mass of the states below 
the sum of the two meson masses. While this 
could be the case for when Q = b, this does not 
apply for Q — c, the case for which most of the 
current experimental data exist. In this case, 
the two mesons can be bound by pion exchange. 
This means that only states decaying strongly 
into pions can bind with other mesons (e.g. there 
could be D*D states), but that the bound state 
could decay into its constituents [312H319] , 

• tetraquarks: a bound quark pair, neutralizing 
its color with a bound antiquark pair, usually 
represented as [Qq] [q'Q] ■ A full nonet of states is 
predicted for each spin-parity, i.e., a large num- 
ber of states are expected. There is no need for 
these states to be close to any threshold [320 . 

In addition, before the panorama of states is fully 
clarified, there is always the lurking possibility that 
some of the observed states are misinterpretations of 
threshold effects: a given amplitude might be en- 
hanced when new hadronic final states become ener- 
getically possible, even in the absence of resonances. 



While there are now several good experimental can- 
didates for unconventional states, the overall picture 
is not complete and needs confirmation, as well as 
discrimination between the alternative explanations. 
A much larger dataset than is currently available is 
needed, at several energies, to pursue this program; 
this capability is uniquely within the reach of SuperB. 

B. Light Mesons 

The problem of the interpretation of the light scalar 
mesons, namely fo,ao,n, and a, is one of the oldest 
problems in hadron physics |321) . For many years 
the question about the existence of the a meson as a 
real resonance in irn scattering has been debated |322) ; 
only recently has a thorough analysis of tttt scattering 
amplitudes shown that the a(500) and k(800) can be 
considered as proper resonances |323| I324j . 

Reconsideration of the a was triggered by the E791 
analysis of D — > 3n data [325J; a number of papers 
have commented on those results, e.g. Ref. 326- 1329] . 
The role of the scalar mesons in several exclusive B de- 
cays could be rather relevant: for example, in the per- 
spective of a high precision measurement of the a angle 
at the Superi? factory, the hadronic contributions, like 
the one of the isoscalar a in B — > pn, must be properly 
controlled |330H332| . Also several studies on light and 
heavy scalar mesons could be performed analyzing the 
Dalitz plots of exclusive decays like B — > KKK and 
B — > Ktttt. In this respect, having sufficient statistics 
to clearly assess the presence of a scalar k(800) reso- 
nance, would certainly be a major result for hadron 
spectroscopy. 

Beyond the "taxonomic" interest in the classifica- 
tion of scalar mesons, the idea that these mesons could 
play a key role in our understanding of aspects of non- 
perturbative QCD has been raised several times; see 
for example Ref. 333 . 

In what follows we would like to underscore the lat- 
ter point by observing that: 

• Light scalar mesons are most likely the lightest 
particles with an exotic structure, i.e., they can- 
not be classified as qq mesons. 

• Their dynamics is tightly connected with in- 
stanton physics. Recent discussions have shown 
that instanton effects make possible a consistent 
model for the description of light scalar meson 
dynamics, under the hypothesis that these par- 
ticles are diquark-antidiquark mesons. 

Therefore, new modes of aggregation of quark 
matter could be established by the experimen- 
tal/theoretical investigation of these particles, further 
expanding the role of instantons in hadron physics. 



SuperB Progress Report - The Physics - August 2010 



59 



The idea of four-quark mesons dates back to the pio- 
neering papers by Jaffe [334-335] , while the discussion 
of exotic mesons and hadrons in terms of diquarks was 
introduced in Ref. [337] and then extended in Ref. 338 
to the scalar meson sector. 

We will assume that the scalar mesons below 1 GeV 
arc indeed bound states of a spin diquark and an 
anti-diquark (we will often call this a tetraquark). A 
spin diquark field is a color antitriplet q = qq bound 
state (same color of an antiquark). 

As in a standard qq meson, the color is neutralized 
between a diquark and an antidiquark q Q q Q . Since 
a spin zero diquark is in a 3-flavor representation be- 
cause of Fermi statistics, flavor nonets of qq states are 
allowed, the so called 'crypto-exotic' multiplets. We 
believe that the sub-GeV scalar mesons most likely 
represent the lowest tetraquark nonet. 

The qq model of light-scalars is very effective at 
explaining the most striking feature of these parti- 
cles, namely their inverted pattern, with respect to 
that of ordinary qq mesons, in the mass- versus- dia- 



gram 33 1 336], as shown in Fig. 19 




FIG. 19: Vector mesons (qq states) and the sub-GeV scalar 
mesons in the Li — m plane. 

Such a pattern cannot be explained in a qq model 
where, for example, the /o(980) would be an ss 
state [31?6}J3"2"9] while the 7=1, a (980), would be 
a uu -+- dd state. If this were the case, the degeneracy 
of the two particles would be rather unnatural. 

Besides a correct description of the mass-/3 pattern, 
the tetraquark model offers the possibility of explain- 
ing the decay rates of scalars at a level never reached 
by standard qq descriptions. The effective decay La- 
grangian into two pseudoscalar mesons, e.g. a — >■ tttt, 
is written as: 



(67) 



where i,j are the flavor labels of q* and q J , while 
r,s,t,u are the flavor labels of the quarks q*,<f" 
and q r ,q s . c± is an effective coupling and S, LI are 
the scalar and pseudoscalar matrices of meson fields. 
Observe for example how tt + tt~ are produced by a 
[ud] [ud] tetraquark by setting the right flavor indices 
in Eq. (l67|). 



This Lagrangian describes the quark exchange am- 
plitude for the quarks to tunnel out of their diquark 



shells in S to form ordinary pseudoscalar mesons 
II [338] . The antisymmetrization in the flavor indices 
of quarks (3— flavor representation) is guaranteed by 
the e tensors. 

Such a mechanism is the straightforward alter- 
native to the most natural color string breaking 
q OMSS^qq^MM^ q —> BB, i.e., a baryon-anti-baryon 
decay, which happens to be phase-space forbidden to 
sub-GeV scalar mesons. For a discussion about bary- 
onia see [339] . 

The problem with Eq. (67) is simply that it is not 
able to describe the observed decay / — > tttt, since 
fo ~ [<zs][<7s], with q = u,d. To form a 7r + 7r~ pair 
of mesons in the final state one should require to: i) 
break the diquarks binding to annihilate the s and the 
s quarks ii) create a qq pair from the vacuum. Al- 
ternatively one could annihilate the diquark and the 
antidiquark directly into a qq pair via a six-fermion in- 
teraction, not paying the price of breaking the diquark 
shells, and hadronize the two light quarks produced 
into two pions via a quark pair creation. This pos- 
sibility is provided by six-fermion, instanton induced 
low energy vertices |340| . Such vertices contain a term 
of the form X = . q^qj-fj^i, i,j being flavor indices 

and qi a = tijktapjqc lsq kl being a spin zero diquark. 

Alternatively, one can go through a mixing between 
the two isoscalars fo and a. However, as discussed 
in [340] . such mixing is expected to be too small, < 
5°, to account for the structure of the inverted mass 
pattern (a precise determination of the n mass would 
be crucial to fix this point). 
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FIG. 20: Decay of a tetraquark scalar meson S in two 
qq mesons M1M2: (a) quark rearrangement (b) instanton- 
induced process. 

Thus in addition to the quark-exchange diagrams, 
described at the effective theory level by the La- 
grangian of Eq. (67), (see Fig. 20 (a)), we a have 



six-fermion microscopic interaction of the form I (see 
Fig. 20 (b) 9 ) which contributes to the following effec- 



tive Lagrangian term: 

£2 =c 2 Tr(S(3n) 2 ), 



(68) 



9 The six-fermion interaction expands to terms of the form: 
(u a ( 1 - 75 ) u a ) (d a ( 1 - 75 ) d a ) (s a ( 1 - 75 ) s a ) . Upon appropri- 
ate Fierz rearrangement of, e.g., (d a (l — -f5)d a )(s a (1 — js)s a ), 
one obtains: C X (u a (l — 7s)tia)l| l7 fli7, C being a constant 
factor. 
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(roughly, introduce a qkQk hi ^ and call S 1 * ~ 
q^-q 4 , ITj ~ qjq 1 respectively). c 2 is an effective 
coupling expected to be rather smaller than c± in 



Eq. (67). Observe that this term is also contained in 
Eq. (67) which actually corresponds to the combina- 
tion 2Tr(S(<9II) 2 ) - TrSTr(dn) 2 , barring the contri- 
bution from the singlet pseudoscalar. The latter term 
could be described by an 'annihilation' diagram at the 
meson level. 

If on the other hand we assume that the lowest 
scalar nonet is made up of standard qq mesons, there 
are no diquarks around, and we expect the instanton 
contributions to enter only in operators of the kind 
TrSTr(<9II) 2 . Thus the decay Lagrangians to be used 
to fit data in the Aq and 2q hypotheses are: 

=£ 1 (c 1 ) + £ 2 (c 2 ), 
=£ 1 (c 2 ) + £ 2 (c' 1 ), 



with evident notation. It is expected 3> |c 2 

With such a description of the dynamics one can 
determine numerical results for the decay amplitudes 



as reported in Table XVIII (four-quark fit |ci| ~ 
0.02, |c 2 | ~ 0.002). Such a good description of decays 



TABLE XVIII: Numerical results for amplitudes in GeV. 
Second and third columns: results obtained with a decay La- 
grangian including or not including instanton effects, respec- 
tively (Labels I and no-/ mean that we add or do not add 
the instanton contribution). No /o — cr mixing is assumed in 
this table. Fourth column: best fit, see text, with instan- 
ton effects included. Fifth column: predictions for a qq pic- 
ture of the light scalars. The 77 — 77' singlet-octet mixing an- 
gle assumed: <j> PS = —22° 341, 3421. Data for a and k de- 
cays are from 13231 13241 . the reported amplitudes correspond to: 
r to t (<j) = 272 ± 6, r tot (k) = 557 ± 24. 
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C. Charmonium 

In the past few years the B Factories have observed 
several states with clear cc content, which do not be- 
have like standard mesons, and that are therefore an 
indication of new spectroscopy. 

The X(3872) was the first state found not to eas- 
ily fit into charmonium spectroscopy. It was ini- 
tially observed decaying into J / ipir + tt~ with a mass 
just beyond the open charm threshold [345] . The 
7r + 7r~ invariant mass distribution, the observation of 
the X — > J/V>7 and the full angular analysis by 
CDF [311] and Belle [3J7], along with the evidence 
for the X ->■ ip(2S)j decay found by BaBAR [3JH], fa- 
vor the assignment of J PC = 1 ++ for this state, and 
of X — > J/ipp as its dominant decay. There are several 
indications that this is not a (pure) charmonium state: 
the mass assignment does not match any prediction of 



long- verified potential models (see Fig. 21); the dom- 
inant decay would be isospin-violating; and the state 
is narrow (less than a few MeV), despite its mass ly- 
ing above threshold for the production of two charmed 
mesons. At the same time the relative rates to t/j(2S)'y 
and J/ip"f are more easily explained in terms of con- 
ventional charmonium decays. The closeness to the 
D°D*° threshold suggests also the hypothesis that it 
may be a molecule composed of these two mesons or a 
threshold effect. 
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FIG. 21: Measured masses of the newly observed states, 
positioned in the spectroscopy according to their most 
likely quantum numbers. The charged state (Z(4430)) 
clearly has no C quantum number. 



is possible only if the assumption is made that sub- 
GeV light scalars are diquark-antidiquark mesons (see 
Table XVIII). In the qq hypothesis, the agreement of 
an — > TT°rj with data appears very poor. 

A relative of the lowest lying scalar mesons may 
have been found very recently by BABAR: the 
V(2175), a particle first observed in the decay Y —> 
0/o (980) For a discussion see Ref. [544] . 



Another aspect of interest is the measurement of the 
mass of the X(3872) in the D*°D° decay mode [3491 
I350j , which could differ from the value measured in the 
J/tpiTiT decay. The mass difference and the difference 
in the line-shape in the two modes could help in dis- 
criminating between the many models [351, 352 . If the 
mass difference is confirmed, it is possible that there 
are indeed two different states, one decaying to D*°D° 
and the other decaying to J/tpTrn: the di-quarks with 
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a heavy meson are effectively flavor-triplets, and di- 
quark pairs would show the same nonet structure as 
ordinary mesons, so that it would be natural to expect 
two states with S = I3 = very close in mass [320) . 

A data sample of O(50 afe" 1 ) would yield several (3 
to 11) thousand fully reconstructed B — > A(3872)A' 
decays in each of the above-mentioned modes. This 
would allow a detailed study of the A (3872) decay 
dynamics and line-shape, crucial to enlighten possible 
evidence for non-gg composition. 

The B Factories have also found a number of new 
states with J PC = 1 by looking for events where the 
initial state radiation brings the e + e~ center-of-mass 
energy down to the particle's mass. It was expected 
that above the open charm threshold all states would 
be seen in R = <Thad/ a 'nn scans. When the high lumi- 
nosity at B Factories allowed one to study exclusive 
final states containing a J/ip or a ip(2S), at least three 
new unusual particles were discovered: the F(4260) 
decaying to J/^tt+tt" [353], the 1^(4350) [3M] and 
the Y"(4660) [355] decaying to tp(2S)7T+w- . 

The ir + ir~ invariant mass is a critical observable in 
discerning the nature of these particles, which are un- 
likely to belong to charmonium since there are already 
other 1 known charmonium states, their masses 
are above the open-charm threshold, yet they are rel- 
atively narrow and are not observed to decay into 
two charmed mesons (the most stringent limit be- 
ing £(r(4260) ->• DD)/B(Y {4260) ->• J/i)iT+TT-) < 
1.0 at 90% CL) Ref. [356]. Another puzzling fea- 
ture of these states is the ratio of the partial widths 
r(J/^7r+7r-)/r(V>(2S)7r+7r-), that is small for the 
F(4260) and large for the F(4350) and F(4260). The 
current statistics does not allow one to measure these 
ratios. 

Figure [22] shows the dipion invariant mass spectra 
for all regions in which new resonances have been ob- 
served. Only the Y (4660) seems to show a well-defined 
intermediate state (most likely an /q), while others 
have a more complex structure. 

The y(4260) is currently considered a good hybrid 
candidate, while the Y(4350) and F(4660) are good 
candidates for [cd] [cd] and [cs] [cs] tetraquarks, respec- 
tively. The latter would prefer to decay to /o, while 
the mass difference is consistent with the hypothesis 
that the two belong to the same nonet. 

An experiment with 50 ab^ 1 of inte- 
grated luminosity, yielding samples of 30 K 
y(4260) -> J/ipir+n- and « 3 K events each 
for Y (4350), Y (4660) ->■ V(2S> + tt-, would allow 
a detailed study of the line-shape, a measurement 
of r(J/^7r+7r-)/r(^(2S , )7r+7r-), and a study of 
the 7r + 7T _ invariant mass spectra, as well as of the 
angular distributions. Furthermore it will be possible 
to search for other exclusive decays to Charmonia 



jJ/ijj, and 



such as J/iprj/w , i/;(2S)r) / 'n° , x c J 7r+7r , 
7^(25). 

The turning point in the query for states be- 
yond charmonium has been the observation by the 
Belle Collaboration of a charged state decaying into 
^P(2S)tt ± [357, 358 soon followed by two more charged 
states, the Z^(4050) and the ^(4430), decaying to 



Xci 7r + [555] . Figure 23 shows the fit to the ip(2S)n in- 
variant mass distribution in B — > ip(2S)irK decays, re- 
turning a mass M = 4433 ± 4(stat.)±2(syst.) MeV/c 2 
and a width T = 44±^(stat.)±^(syst.) MeV. 

Such states must contain a c and a c, but according 
to their charge they must also contain at least an u 
and a d. The only possibilities for explaining these 
state are the tetraquark or the molecule composition, 
or the presence of some threshold effects. The latter 
two options are viable for the Z + (4430) due to the 
closeness of the D\D* threshold. 

The analysis is highly complicated by the presence of 
K* resonances in the B — ► (cc)ir + K final state and by 
the cc polarization. The analysis of the full BABAR data 
sample did not confirm nor exclude the observation of 
the Z + (4430) |360j . No result has yet been presented 
on the search for the Z+(4050) and Z+(4430). 

It is critical to confirm the existence of these states, 
and if confirmed to find the corresponding neutral 
states and/or to observe them in other decay modes. 
With an integrated luminosity of 50 ab -1 we can ex- 
pect to collect samples of 100 K to 1.5 M fully re- 
constructed B -t J/ipn+K, B -> ^{2S)ir + K and 
B — s- Xc.jk + K events that will allow one to estab- 
lish unambiguously the existence of these states and 
to determine their properties. 

In summary, there are several reasons why a run at 
fifty to a hundred times the existing integrated lumi- 
nosity is decisive to convert these hints into a solid 
picture: 

• All the new states, apart from the A (3872), have 
been observed in only a single decay channel, 
each with a significance barely above 5a. A 
hundredfold increase in statistics would allow 
searches in several other modes. In particular, it 
is important to observe both the decay to char- 
monium and to D-meson pairs and/or D s meson 
pairs. Since the branching fractions of observ- 
able final states for the D and especially for the 
D s mesons are particularly small, current exper- 
iments do not have the sensitivity to observe all 
the decays. 

• Most models predict several other states, such 
as the neutral partners of the Z(4430) and the 
nonet partners, for instance [cd] [cs] candidates 
decaying into a charmonium state and a kaon, 
at a significantly lower rate (see e.g. Ref. [361 j ) 
than the observed modes. Furthermore, several 
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FIG. 22: Di-pion invariant mass distribution in F(4260) -> J/^tt+tt" (left), F(4350) -> V(2SV + 7r~ (center), 
and Y(4660) -¥ ip{2S)-K + n~ (right) decays. 
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FIG. 23: The ip(2S)n invariant mass distribution in 
B -> ip(2S)nK decays. 



Open bottom thr. 




X( 2p )b{2.i,0} r ( 1D ) 



" T(2S) y(lP) 

" Y(1S) • "P 

azj - * - □ Theory' 

1b(1S) (pot. Models) 

I I I I I I I I I 



FIG. 24: Measured masses of the bottomonia, positioned 
in the spectroscopy according to their most likely quantum 
numbers. 



D. Bottomonium 



of these states decay into particles (in particular 
neutral pions and kaons) that have a low detec- 
tion efficiency. 



In order to achieve high luminosities the event rate 
and the machine backgrounds will increase signifi- 
cantly. It is therefore important to estimate the im- 
pact of the changes in the detector and of this back- 
ground on the search potentiality. As a first step it 
has been tested with a fast simulation of the e + e~ — > 
r(4260)7/ S _R,y(4260) -> J/tJjtttt signal that the de- 
tector changes do not affect significantly the efficiency. 
A more comprehensive study is on the way. 



In comparison to charmonium, our knowledge of 
bottomonium below flavor threshold is far from com- 
plete: in particular, as shown in Fig. [24j almost all 
the spectrum of spin singlet states (parabottomonia) 
is still terra incognita. Moreover, in the bottomonium 
system, four narrow D wave states are expected in 
the region around 10.16 GeV, and their study [362 , 
started by CLEO-III, is currently under way in the 
present generation of B-factories. In total, the cur- 
rent generation of B-factories have integrated (1.2, 2.6, 
1.3)*10 8 T(l, 2, 3S) decays on resonance peak, as 
shown in table IXIXl 

Moreover, up to 133 fb _1 were accumulated in the 
T(5S) region, and have started yielding interesting re- 
sults about transitions to narrow states through the 
open beauty threshold, defying naive expectations. 
The analysis of this data is in progress and will prob- 
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TABLE XIX: Y(nS, n=£A) datasets after the year 2000 at 
the B-factories. 



Expt. 



CLEO 

Belle 

BABAR 



Y(1S) T(2S) T(3S) T(5 - 65) 



20M 9M 6M 0.5 fb _1 
98M 160M 11M 133 fb _1 
100M 122M 3.3 fb _1 



ably lead to new discoveries in the near future, but 
it is clear that ten to a hundred times the statistics 
are needed to find all the pieces of the bottomonium 
puzzle. 



1. Regular bottomonium 

Only recently, the ground state r?b(lS) has been dis- 
covered by BABAR [3631 1364j , as shown in Fig 25 but 
all other parabottomonia are still missing and surely 
two of them will hardly be within reach of the current 
generation of B-factories. Besides the hyperfine split- 
ting, other rjb decay properties can be predicted with 
relatively small errors in the NRQCD approximation 
and deserve experimental verification: the total width 
and the partial width to two photons. 
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FIG. 25: The inclusive photon spectrum at 3S from 
BABAR, after continuum subtraction: the peaks from 
Xbi,2 -> T(1S), ISR production of Y(1S) and Y{3S) -> rj b 
are visible, left to right in the plot. 



The total width of r\b should be measurable by 
BABAR and Belle, at least as an upper limit, from 
the inclusive photon spectra of suppressed transitions. 
A precise measurement (i.e. better than 10% error) 
of the f]b total width requires much higher statistics, 
which will be available only at a Super Flavour Fac- 
tory. Given the large photon background in the low 
energy part of the spectrum (i.e. below 100 MeV), the 



experimentalists are challenged to detect all the r\b de- 
cay products on one or more specific channels and try 
an exclusive reconstruction. At present date, only few 
exclusive decay modes have been observed by CLEO 
[365] . with significances above 5(7, for the Xb states, 
which can be reached from T(2, 3S) peaks via tran- 
sitions which have branching ratios at the 10% level. 
As ratios for direct Ml transitions to rjb are expected 
in the 10 -4 range, at least two orders of magnitude 
increase in statistics is needed. 

In the long term the most important measurement 
to perform is that of the two-photon width, as theory 
predictions on the ratio Tj^(r]b)/Pi+i-{T) are quite in- 
sensitive to the renormalization scale |366| . and yield 
r 77 M = 0.66 ± 0.09 keV. If T tot (r) b ) < 10 MeV this 
would imply a branching ratio at the level of 10 -4 , 
and a cross section <r(T(2, 3S) — > 7% — > 777) ~ 0.2 
fb, which is by far smaller than the cross section for the 
continuum process cr(e + e~ — > iisr 111)- The ISR 
background can actually be avoided by running on the 
T3S resonance peak and using the dipion pair to tag 
the T2S decay, and then select exclusive 7^777 events, 
from the process Y(3S) —> ttttT(2S) — > mT-fri b (lS). In 
this case, experimentalists are challenged to maximize 
the efficiency on detection and tracking of low momen- 
tum dipion pairs. 

The discovery of one or more exclusive decay modes 
of %(1S) will also be useful for the search of the anal- 
ogous direct Ml transitions between vector and pseu- 
doscalar 2S and 3S excitations. For the time being, 
the current record sample of Y(3S) decays can allow 
BaBAR to discover the rjb{2S) in the inclusive photon 
spectrum, and the h b {\P) cither via the cascade pro- 
cess T(35) -> TT°h b {lP) -> 7r°7?7 6 (lS), as done by 
CLEO to find the h c (lP) state in the charmonium 
system, or via Y(3S) — > Trirh b (lP) — > 77777% (IS), as 
suggested in Ref. [36711368]. 

In order to discover the states hb(2P) and ?7b(3S) we 
probably need a Super Flavour Factory. While %(3S) 
detection should depend crucially on exclusive recon- 
struction of some decay channel, and it is almost cer- 
tainly reachable from the T(3S), it is not yet clear 
which transition will allow us to reach hb(2P): as the 
expected mass difference M(Y(3S)) - M(h b (2P)) < 
M(7T°), detection of hb(2P) cannot benefit from run- 
ning on narrow bottomonia. 

The recent discovery of unexpectedly large widths 
for the transitions Y(4S) -> r)Y(lS) [369] and T(5S)^ 
7T7rT(lS') [370] may suggest that hadronic transitions 
to other narrow bottomonia can open new pathways 
to these states, e.g. T(5S)— > r]hb(2P). In the next sec- 
tion, we elaborate on the large physics potential of 
running above the B S B S threshold, also for hadron 
spectroscopy. 
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2. Exotic bottomonium 

This section discussed recent BABAR and Belle scans 
and the future prospects for high energy scans at 
Superi?. 

Exotic states with two bottom quarks, analogous 
to those with two charm quarks, could also exist. In 
this respect, bottomonium spectroscopy is a very good 
test-bench for speculations advanced to explain the 
charmonium states. As a down side, searching for new 
bottomonium states is more challenging, since they 
tend to be broader and there are more possible de- 
cay channels than the charmonium situation. This ex- 
plains why there are still eight unobserved states with 
masses below open bottomonium threshold. 

Among the known states, there is already one with 
unusual behavior: there has been a recent observa- 
tion 370 of an anomalous enhancement, by two or- 
ders of magnitude, of the rate of T(5S) decays to the 
T(1S) or a Y(2S) and two pions. This indicates that 
either the T(5S) itself or a state very close by in mass 
has a decay mechanism that enhances the amplitudes 
for these processes. 

In order to understand whether the exotic state co- 
incides with the T(5S) or not, a high luminosity (at 
least 20 fb" 1 per point to have a 10% error) scan of 
the resonance region is needed. 

In any case, the presence of two decay channels to 
other bottomonium states excludes the possibility of 
this state being a molecular aggregate, but all other 
models are possible, and would predict a large variety 
of not yet observed states. 

As an example, one can estimate possible resonant 
states with the tetraquark model, by assuming that 
the masses of states with two b quarks can be obtained 
from one with two c quarks by adding the mass dif- 
ference between the T(1S) and the J/ip. Under this 
assumption, which works approximately for the known 
bottomonium states, we could expect three nonets that 
could be produced by the T(35) and decaying into 
T(1S) and pions. Assuming that the production and 
decay rates of these new states are comparable to the 
charmonium states, and assuming a data sample of 
T(3S) events comparable in size to the current T(4S) 
sample is needed to clarify the picture, we would need 
about 10 9 T(3S) mesons, corresponding to an inte- 
grated luminosity of 0.3 ab _1 . 

As already mentioned, searching for bottomonium- 
like states would require higher statistics than the cor- 
responding charmonium ones; this therefore represents 
an even stronger case for Super B. 



E. Interplay with other experiments 



Superi? is not the only next generation experiment 
capable of investigating heavy quark spectroscopy. 

The LHCb experiment is starting to investigate its 
potentialities in the field. The complementarity of 
these studies with Superi? are evident, considering the 
present interplay between B-Factories and the Teva- 
tron: the larger number of mesons produced allows 
detailed studies of the decay modes with final states 
made of charged particles. All other modes are best 
investigated by e + e~ machines. 

The only other next generation experiment at an 
e + e~ machine is BES-III, but their current plan is to 
run below the energies of interest, at the '0(3770) |371j . 
where they expect to collect Sib -1 per year. Even if 
a plan to run at the energies of the exotic states were 
developed, given the lower luminosity the complemen- 
tarity of Superi? and BES-III would be the same as 
the B-Factories and CLEO-c. 

A separate mention is deserved by the PANDA ex- 
periment at FAIR |372j . a proton-antiproton collider 
which could produce the exotic resonances at thresh- 
old (i.e. e + e~ — > X,Y). This innovative production 
mechanism allows for copious production without the 
hindrance of fragmentation products. Considering the 
expected characteristics of the antiproton beam and 
an integrated luminosity of 2 fb -1 per year, running 
at the J/i/j mass would yield 3.5 10 9 J/ip mesons per 
year. Considering that r ee [F(4260)] * £(F(4260) 
pp) < O.O5r ee [J/0] * B{J/i> -> P p)@90% C.L. [375] 
and assuming r ee [Y"(4260)] = T ee [J "/?/>], we could ex- 
pect as many as 30K Y"(4260) — > J/i/jtttt with a J ftp 
decaying leptonically per year. Besides the large un- 
certainty on the assumption, this estimate can be com- 
pared with the 60K events in the same decay chain 
produced in a year at Superi? via ISR. The comple- 
mentarity of the two experiments is guaranteed by the 
fact that the final states that can be studied by the 
two experiments are different and that the PANDA 
experiment can more easily access the narrow states 
while Superi? can study in detail larger states if the 
production mechanism is favorable. Furthermore, in 
case the center-of-mass-energy of Superi? is changed 
to the F(4260) mass, assuming a factor 10 loss in lu- 
minosity with respect to running at the T(AS), the 
number of events produced in the decay chain used as 
example would raise to 700K per year: a few weeks 
scan would then be equivalent to the PANDA dataset. 
Finally, PANDA can only reach center-of-mass ener- 
gies as high as 5 GeV and therefore has no access to 
bottomonium spectroscopy. 
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8. Direct Searches 



Bottomonium decays also allow direct searches for 
physics beyond the SM in regions of the parameters 
space that have not been reached by LEP [374J : the 
possibility of a rather light non-standard Higgs boson 
has not been ruled out in several scenarios beyond the 
SM [375H377] . due to the fact that a new scalar may 
be uncharged under the gauge symmetries, similar to 
a sterile neutrino in the fermion case. These studies 
indicate that its mass could be less than twice the b 
mass, placing it within the reach of Superi?. Moreover, 
the LHC might not be able to unravel a signal from a 
light Higgs boson whose mass is below BB threshold, 
since it will be difficult for the soft decay products to 
pass the LHC triggers. Dark matter may also be light, 
evading LEP searches if it does not couple strongly to 
the Z° [378H38T] . Finally, the new field of Dark Forces 
(see Sec. 8 C ) predicts low interacting light particles 



that couple mostly to photons that can therefore be 
produced at a Flavour Factory and that would require 
a large luminosity to study. 

Superi? will be required in most of these cases to 
precisely determine the masses and couplings of any 
light non-SM particles, and thus will play an important 
discovery role. 



A. Light Higgs 

A Higgs h with Mh < Mr can be produced in Y(nS) 
decays via the Wilczek mechanism |382| with a branch- 
ing ratio, at leading-order, 



T(Y(nS) -> jh) 
T(T(nS) -> (ifi) m:M T{nS) 



f2G F m\ 2 



where Xj_ is a model-dependent quantity containing 
the coupling of the Higgs to bottom quarks, mj, is the 
bottom quark mass, a and GV are the electroweak 
parameters, and E 7 is the photon energy. 

From a theoretical viewpoint, the existence of a 
light pseudoscalar Higgs is not unexpected in many 
extensions of the SM. As an example, the Next-to- 
Minimal Supersymmetric Standard Model (NMSSM) 
has a gauge singlet added to the MSSM two-doublet 
Higgs sector |383j leading to seven physical Higgs 
bosons, five of them neutral, including two pseu- 
doscalars. In the limit of either slightly broken R or 
Peccei-Quinn (PQ) symmetries, the lightest CP-odd 
Higgs boson (denoted by A{) can be much lighter than 
the other Higgs bosons, providing unique signatures at 
a Super Flavour Factory as discussed in the following. 



The Ai coupling to down-type fermions turns out 
to be proportional to Xd = cos 9 a tan j3, where tan f3 
denotes the ratio of the vacuum expectation values of 
the up- and down-type Higgs bosons and a is the 
mixing angle of the singlet and non-singlet components 
that constitute the physical A-± state [384) . If cos 0,4 ~ 
0.1 — 0.5, present LEP and B physics bounds can be 
simultaneously satisfied |385j , while a light Higgs could 
still show up in Y radiative decays into tauonic pairs: 
Y(nS) -> 7A(-> t+t-) ; n = 1,2,3. 

As this light Higgs acquires its couplings to SM 
fermions via mixing with the SM Higgs, it therefore 
couples to mass, and will decay to the heaviest avail- 
able SM fermion. In the region Ma % > 2M T , there 
are two measurements which have sensitivity: lepton 
universality of Y decays, and searches for a monochro- 
matic photon peak in tauonic Y decays. 

The measurement of lepton universality compares 
the branching ratios of Y to e + e~, and t + t~ 

[3861 I387j . which should all have identical couplings 
in the SM, and differ only by factors given by phase- 
space differences. This inclusive measurement is rele- 
vant especially when the monochromatic photon signal 
is buried under backgrounds. Under reasonable sets of 
the NMSSM parameters that satisfy all current LEP 
and B physics bounds, it has been shown |377|. 1388] 
that Ai bosons with masses between 9 to 10.5 GeV can 
give sizeable deviations from the SM if 5 < tan /? < 20. 

5 o Discovery limit on X in Y->yTT 
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FIG. 26: Five a discovery potential of SuperB with Y(3S) 
data, in the mode T(3S I ) — > tt + -k~Y(1S) — > ir + ir~ r + t~ 7 
(solid) and Y(3S) — > t + t~7 (dashed). An integrated lu- 
minosity of 1 ab _1 has been assumed for this projection. 



Unfortunately recent measurements of these branch- 
ing fractions are limited by systematics and it is 
hard to conceive of a dramatic improvement below 
the level of 1% precision at Superi?. Alternatively, 
once can consider the search for monochromatic pho- 
tons |376j where the first relevant decay mode is 
Y{3S) Y(1S)tt + tt-, which is followed by the de- 
cay Y(IS) —> jt + t~ . This only has a 4.5% branching 
fraction, but it also has a low background. The second 
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decay mode is T(3S) — > jt + t~, which suffers from a 
larger background arising from e + e~ — > t + t~7 events, 
but also has a rate that is more than a factor of ten 
higher than Y(3S) — > Y(1S)tt + tt~ . The correspond- 
ing exclusion plots expected at Superi? are shown in 
Fig. [26} 

Let us finally point out another possible signal for 
detection of a light CP-odd Higgs boson related to 
bottomonium spectroscopy. As studied in [389J , sig- 
nificant A\ — r]b(nS) mixing should significantly alter 
the hyperfine splitting M{T(nS)) — M(rji,(nS)) com- 
pared to SM expectations. This kind of search has a 
great advantage with respect to the radiative decays of 
Y resonances since it is free of theoretical uncertainties 
coming from QCD and relativistic corrections plaguing 
the Wilczek formula. Moreover, from an experimental 
point of view, the mixing could spoil a straight for- 
ward search for narrow peaks in the photon spectrum 
while the measurement of hyperfine splittings could 
still yield unexpected results hinting at the existence 
of a light pseudoscalar Higgs [389 . 



B. Invisible decays and Dark Matter 

Finally, if Dark Matter is lighter than 5 GeV, it will 
require a Super Flavour Factory to determine its prop- 
erties. Generally, in this mass region one needs two 
particles, the dark matter particle \i an( i a boson that 
couples it to the SM U . The most promising searches 
are in invisible and radiative decays of the T, which 
can be measured in the mode T(3S) — > tt + tt~ invisible, 
which is sensitive to a vector U [379 . The current best 
sensitivity to this process has been achieved by the 
BABAR Experiment |390j ; however, this result is still 
an order of magnitude above the SM prediction. The 
sensitivity is limited by the amount of background that 
needs to be subtracted, primarily due to undetected 
leptons from T(1S) — » £ + £~ in the final state. Studies 
of this background suggest that the only way to fur- 
ther improve the measurement to the level of the SM is 
to employ both far-backward and far-forward tagging 
into the design of the detector. Achieving a 3 — 5a 
sensitivity to the SM will require active background 
tagging down to 5-10 degrees above the beam-line in 
both the forward and backward directions. 

The second most promising signature is radiative de- 
cays T(1S) — > 7 + invisible. This is probably the most 
favored mode theoretically, and is sensitive to a scalar 
or pseudoscalar U. The mediator coupling the SM par- 
ticles to final state x' s can be a pseudoscalar Higgs, 
U = A\, which can be naturally light, and would 
appear in this mode [38]. In such models the Dark 
Matter can be naturally be a bino-like neutralino. Ex- 
tended detector coverage in the forward and backward 



directions is important to reducing the radiative QED 
backgrounds which dominate this final state. 

It is expected that improving detector coverage 
with active coverage for tagging low-angle or missing- 
particle backgrounds will also improve the sensitiv- 
ity in flagship measurements of SuperB, including 
B -» Kvv and B — > Iv. 



C. Dark Forces 

Recent cosmic ray measurements of the electron and 
positron flux from ATIC [HI], FERMI [331], and 
PAMELA |393) have spectra which are not well de- 
scribed by galactic cosmic ray models such as GAL- 
PROP For instance, PAMELA shows an in- 
crease in the positron/electron fraction with increasing 
energy. No corresponding increase in the antiproton 
spectrum is observed. There have been two main ap- 
proaches attempting to explain these features: astro- 
physical sources (particularly from undetected, nearby 
pulsars) 395 and annihilating or decaying dark mat- 
ter. 

Arkani-Hamed et al. |396j and Pospelov et al. [397] 
have introduced a class of theories containing a new 
"dark force" and a light, hidden sector. In this model, 
the ATIC and PAMELA signals are due to dark mat- 
ter particles with mass ~ 400 — 800 GeV/ c 2 annihi- 
lating into the gauge boson force carrier with mass 
~ lGeV/c 2 , dubbed the A', which subsequently de- 
cays to SM particles. If the A' mass is below twice the 
proton mass, decays to pp are kinematically forbid- 
den allowing only decays to states like e + e~, /i + /i~, 
and 7T7T. If the dark force is non-Abelian, this theory 
can also accommodate the 511 keV signal found by the 
INTEGRAL satellite [HE] and the DAMA modulation 
data [59"9] . 

The dark sector couples to the SM through kinetic 
mixing with the photon (hence we call the A' the "dark 
photon") with a mixing strength e. The current lim- 
its on e from various experiments are shown on Fig- 
experiments 



27 Low-energy, high luminosity e H 



ure 

like the £?-Factories are in excellent position to probe 
these theories, as pointed out in papers by Batell et 
al. |400j and Essig et al. [401] . Broadly speaking, there 
are three categories for dark force searches at Super_B: 
direct production, rare B-decays, and rare decays of 
other mesons. 

The most general searches for dark forces are in di- 
rect e + e~ production. The primary model indepen- 
dent signature is e + e~ — > jA' —> jl + l~. While these 
channels are the cleanest theoretically, they suffer from 
large irreducible QED backgrounds. Searches for nar- 



row resonances in e + e — > juu and e + e 



jtt have 
The 



been carried out by CLEO [402] and BABAR [4031 
limit on e obtained from the BABAR e + e~ — » 7/1/1 anal- 



SuperB Progress Report - The Physics - August 2010 



67 



0.01 0.] 

io- 2 , 




0.1 I 
mAVGcV 



FIG. 27: Shaded: The current constraints on the kinetic 
mixing parameter e as a function of dark photon mass. 
Dashed line: the expected constraint from SuperB with 
50a& -1 of data. 



ysis using 32/6 is shown on Figure 27 With the 



increased luminosity, SuperB should be sensitive to 
values of e down to 5 x 10~ 4 . Since the gauge sym- 
metry of the dark sector is by construction broken, 
there is also at least one "dark Higgs" (h!) in the 
model. Therefore there can also be interactions like 
e + e~ -t A'h' -t 3(l + l~). While this channel is sup- 
pressed with respect to e + e~ — > jA', the final state of 
6-leptons (with possibly all three pairs giving a nar- 
row resonance) should be much cleaner with a small 
irreducible QED background. There are a number of 
other, more model dependent searches we can do at 
SuperB. For instance, if the dark force is non-Abclian 
there can be final states with 4-, 8-, or even 12- or more 
leptons with many pairs forming a narrow resonance. 
While these final states are harder to use to extract 
e limits, any evidence of a narrow resonance in them 
would be evidence for new physics. 

Searches can also be performed in very rare decays 
of the B meson. Generally speaking, and decay in- 
volving a photon can be used to search for a dark 
photon. We can search in the l + l~ mass spectrum in 
modes such as54 Kl + l~ for a narrow resonance, al- 
though there will be a large background from the nor- 
mal SM process. In addition, loop dominated modes 
such as B° -> l+ri+l- or B -> Kl+Tl+T can en- 
hanced by a "Higgs'-strahhmg' from the top quark in 
the loop 404 . If these modes arc observed, Wc can 
look in the di-lepton mass spectrum for a resonance. 

Finally, we can search for dark forces in rare meson 
decays |405j . The Superi? experiment will not be just 
a B meson factory, it will also produce huge samples 
of other mesons such as 7r°, rj, K, and Jip- For in- 
stance, there are roughly 10 1O 7r°/a6 _1 and Kf-q/ab^ 1 
produced which can be used to search for the channel 



ir° /r) — > jA' — > -fl + l~ . Searching the huge meson sam- 
ples for rare decays such as these should give limits on 
e that are competitive to other measurements. 



9. Role of Lattice QCD 



This section describes the role of lattice QCD in the 
physics case of Super £?. 

While there are some flavour observables, like the 
angles of unitarity triangle, which can be determined 
with rather small or even negligible theoretical uncer- 
tainties, in other cases the extraction of physical re- 
sults also relies on theoretical inputs, mainly on lat- 
tice QCD calculations. This is the case, for example, 
of several among the constraints entering the unitar- 
ity triangle analysis, for which an extrapolation at the 



SuperB is illustrated in Fig. 28 [2]. In this analysis, in 




0.1 0.2 0.3 0.4 0.5 0.6 



FIG. 28: Unitarity triangle fit within the SM extrapo- 
lated using expected results at SuperB and future lattice 
QCD calculations [2] . Central values of the constraints are 
chosen from the present UT fit. The bands show the 95% 
probability regions selected by the single constraints. 



order to convert into constraints in the (p, ?7)-plane the 
measurements of leptonic (B — ¥ tv) and semi-leptonic 
(B -> ir(p)lv/B — s- D{D*)lv) B decay rates and of 



-K°andB° /s - 



B^, g mixing amplitudes (ek, Am^ 
and Amj/Am s ), a determination of the corresponding 
hadronic matrix elements is required. These matrix el- 
ements are expressed in terms of decay constants (/s), 
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form factors ^ B ^ D / D " ; /^ 7r ) . . .) and bag parameters 

For the physics case of Super B, in order to exploit 
the full power of flavour physics for NP searches and, 
even more, NP characterization, improved theoretical 
predictions are essential. Hadronic uncertainties in 
particular need to be controlled with an unprecedented 
accuracy, comparable to the one achieved by the ex- 
perimental measurements. For most of the hadronic 
parameters, the precision necessary to fulfill such a re- 
quirement is at the level of few percent or better. 

Lattice QCD is the theoretical tool of choice to com- 
pute hadronic quantities. Being only based on first 
principles, it does not introduce additional free pa- 
rameters besides the fundamental couplings of QCD, 
namely the strong coupling constant and the quark 
masses. In addition, all systematic uncertainties af- 
fecting the results of lattice calculations can be system- 
atically reduced in time, with the continuously increas- 
ing availability of computing power. The development 
of new algorithms and of new theoretical techniques 
further speeds up the process of improving precision. 

The important issue of whether the precision of lat- 
tice QCD calculations will succeed in competing with 
the experimental one at the time when a Superi? fac- 
tory could be running has been addressed in a ded- 
icated study 406 reported in the Super B CDR [2]. 
The result of this study was promising: in order to 
reach the few percent accuracy required in the deter- 
mination of the most relevant hadronic parameters, 
supercomputers performing in the 1-10 PFlops range 
are required. This computing power is just in the ball 
park of what is expected to be available to lattice QCD 
collaborations in ~ 2015, when a Super B factory could 
be running and producing results. 

In the study of Ref. [2], the estimate of the preci- 
sion expected to be reached by lattice QCD calcula- 
tions covered a temporal extension of about 10 years 
(2006-2015). Such an estimate is unavoidably affected 
by some uncertainties. The dominant sources of er- 
rors in lattice QCD calculations have systematic ori- 
gin, so that the accuracy of the lattice results does not 
improve in time by following simple scaling laws (at 
variance with the computing power, which increases 
instead according to a rather predictable exponential 
behavior). Therefore, predictions in this context are 
necessarily based also on educated guesses, and their 
reliability decreases the more we attempt to go further 
in time. 

After three years from the presentation of Ref. [2], 
we are now in the position of start verifying whether 
the improvements predicted for lattice QCD calcu- 
lations were accurate. This is already a non-trivial 
check. Indeed, while for many years lattice calcula- 
tions have been plagued by the use of the quenched 
approximation, so that the typical lattice uncertainties 



at the time of Ref. [5] were at the level of 10-15%, in the 
last few years extensive unquenched lattice QCD simu- 
lations have been performed, by various lattice collab- 
orations and using different approaches (i.e. different 
lattice actions, renormalization techniques, etc.). For 
this reason, for several hadronic parameters, the typ- 
ical uncertainties are now significantly reduced with 
respect to three years ago, by a factor 2 or 3. 

A summary of lattice uncertainties and predictions 
for the future is presented in Table |XX| which is re- 
ported from Ref. [5] except for the 5*' 1 column, which 
is new. A representative set of measurements rele- 
vant for flavour physics and corresponding hadronic 
parameters is listed in the Table. The correspond- 
ing lattice uncertainty, as it was quoted at the end 
of 2006, is given in the 3rd column. In the 4 , Q th 
and 7 th columns, the accuracy predicted for the future 
is presented, assuming the availability of a computing 
power of about 6 TFlops, 60 TFlops and 1-10 PFlops 
respectively. These performances are those expected 
for supercomputers typically available to lattice QCD 
collaborations in the years 2009, 2011 and 2015 respec- 
tively. Thus, the last column of the Table predicts in 
particular the accuracy that is expected to be reached 
by lattice QCD calculations at the time of the Super_B. 
This prediction indicates that, for most of the relevant 
quantities, a precision at the level of 1% should be 
reached. 



In Table IXXll we collect a set of current lattice aver- 
ages for the same hadronic parameters listed in Ta- 



ble XX Central values and errors are quoted from 



Ref. [407] for the kaon observables (/£"(()) and B K ) 
Ref. [408 for the B physics parameters (/#, Jbs\/Bb s 
£) and Ref. [409 for the semi-leptonic form factors 



{F B ^ D " , G B ^ D and ff n ). On the basis of these re- 
sults we have compiled the new (5 th ) column of Ta- 
ble |XX| summarizing the status of lattice calculations 
at the end of 2009. 

The main conclusion which can be drawn from this 
analysis is that there is quite a good agreement be- 
tween the predictions for the year 2009 (4th column 



of Table XX ) and the accuracy actually reac hed by 
lattice calculations (5 th column of Table XX). Even 
though the prediction was made only 3 years ago, thus 
a relatively short time with respect to the whole time 
interval of about 10 years considered in Tabic |XX[ 
it should be also noted that we have witnessed sig- 
nificant changes in the last 3 years. Realistic un- 
quenched lattice simulations have been performed, and 
for most of the hadronic quantities listed in Table |XX| 
the achieved accuracy has improved by a factor two 
or more (compare the 3 rd and 5 th columns of the Ta- 
ble). This improvement has been quite precisely pre- 
dicted, at a quantitative level, by the dedicated studies 
of Refs. [211106]. 
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TABLE XX: Prediction of the accuracy on the lattice QCD determinations of various hadronic parameters from Ref. [2] . 
The 5 th column has been added for the present work. 



I\/Tr*Q l rfim en 1 1 
IVlccLb Lil cJ.Ilfci.LlL 


Hadronic 
Parameter 


Status 
End 2006 


6 TFlops 
(Year 2009) 


Status 
End 2009 


60 TFlops 
(Year 2011) 


1-10 PFlops 
(Year 2015) 


K —¥ ■kIv 




0.9% 


0.7% 


0.5% 


0.4% 


< 0.1% 


sk 


B K 


11% 


5% 


5% 


3% 


1% 


B->lv 


}b 


14% 


3.5-4.5% 


5% 


2.5-4.0% 


1.0-1.5% 


Am d 


Jbs \f Bb s 


13% 


4-5% 


5% 


3-4% 


1-1.5% 


Amd/ Am, 




5% 


3% 


2% 


1.5-2% 


0.5-0.8% 


B — » D/D* I v 


■pB-^D/D' 


4% 


2% 


2% 


1.2% 


0.5% 


B — > 7r/ plv 


rB-rr 

J+ ) • • ■ 


11% 


5.5-6.5% 


11% 


4-5% 


2-3% 


B -> AT*/p(7,/+r 


-v T B^K*/p 


13% 




13% 




3-4% 



TABLE XXI: Lattice averages for various hadronic param- 
eters. The result for the semi-leptonic form factor /+ n has 
been already converted into the corresponding exclusive 
determination of \V u b\- 



Hadronic 
Parameter 



Lattice 
average 



Ref. 




0.962(3)(4) 
0.731(7)(35) 
192.8(9.9) 

275(13) 
1.243(28) 
0.924(22) 
1.060(35) 
35(4) 10~ 4 
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FIG. 29: Lattice QCD results for T(B -> Trlv;q 2 > 
16 GeV 2 )/\V ub \ 2 . The estimated average is shown by the 
vertical band. The plot is an update from Ref. 409 . 



There is one notable exception to the previous con- 
clusion. It is represented by the lattice determination 
of the form factor controlling the exclusive B — > it I v 
semi-leptonic decays. The relative uncertainty on this 
form factor was about 11% at the end of 2006. It 
was predicted to decrease by approximately a factor 
2 within by the end of 2009, but it is actually un- 
changed with respect to three years ago. One possible 
reason for that is the following: at variance with the 
other quantities listed in Table |XX[ only two modern 
lattice studies |410l 141 1 j of the exclusive B — > ttIv de- 
cays have been performed so far (both based on the 
same staggered gauge configurations generated by the 
MILC collaboration). The results of these studies are 
in agreement within each other and also with older 
quenched results, see Fig. [29j The accuracy on the de- 
termination of the relevant form factor, /+ w (g 2 ), in the 
two modern calculations, however, is still at the level 
of 10%, which is the uncertainty quoted in Tables |XX"1 



accurate lattice studies of B — > ir I v decays would be 
welcome in order to improve the theoretical prediction 
also in this case. 



and XXI Thus, a larger number of (possibly) more 



For all other quantities listed in Table|XXj the agree- 
ment between the prediction of Refs. [21 1406] and the 
accuracy actually reached at present by lattice calcula- 
tions is encouraging. It shows that lattice calculations 
are rapidly improving in the last few years, and to 
expectations. It also supports the prediction for the 
time in which a SuperB factory could be running, in- 
dicating that the percent accuracy could be actually 
reached by lattice QCD. If this will be the case, then 
the next generation of flavour physics experiments will 
not be limited by the hadronic uncertainties, and the 
theoretical accuracy will succeed in competing with 
the experimental one. 
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10. Interplay between measurements 



Numerous studies of flavour and CP violating ob- 
servables in New Physics models have been performed 
over the past years. In the following we give a brief 
summary of the results obtained within the MSSM 
with various realizations of flavour, in the SM with 
a 4th generation of quarks and leptons (SM4), in 
Randall-Sundrum models with bulk fields, both with 
the SM bulk gauge group (minimal RS) and with a pro- 
tective custodial symmetry (RSc), and in the Littlest 
Higgs model with T-parity (LHT model). Clearly our 
focus lies on those observables that can be measured at 
a Super Flavour Factory with high precision and thus 
provide a powerful tool to discriminate among various 
scenarios. 



A. MSSM 

MSSM contains large numbers of new parameters 
which can potentially produce the flavour and CP vio- 
lating phenomena beyond SM. The search for SUSY 
via flavour physics is particularly important since 
many of the parameters mentioned above are related to 
the SUSY breaking mechanism, which occurs at higher 
energies than that accessible at the energy frontier ex- 
periments. For this reason, various scenarios to search 
for signals of MSSM at SuperB have been devised. 

Since the SUSY breaking term contains a huge num- 
ber of free parameters, how to interpret the New 
Physics signal in the framework of MSSM is non triv- 
ial. With regard to this aspect, the large number of 
observables measurable at SuperB is advantageous as 
the correlations of those different observables play a 
central role in constraining the SUSY parameters. In 
the following we will illustrate different kinds of "in- 
terplay" (correlation among the observables) between 
observables measurable at SuperB. 



ATLAS and CMS. Figure |30] (taken from Ref. [3T2] ) 
shows the constraints that can be obtained for the 
charged Higgs mass for given value of tan /3 from dif- 
ferent observables, which include the SuperB golden 
channels, B — > rv and B — > Dtv. We have super- 
imposed the constraint expected to be achieved from 

ESI 



XXII 



direct searches at ATLAS gT3| • In Table 
show the expected deviation from the SM for various 
SuperB observables for the so-called LHC benchmark 
points. 



TABLE XXII: Predictions of flavor observables based on 
expected measurements from the LHC in mSUGRA at 
SPSla, SPS4, SPS5 benchmark points. Quantities de- 
noted 1Z are the ratios of the branching fractions relative to 
their Standard Model values. Quoted uncertainties (when 
available) come from the errors on the measurement of 
the New Physics parameters at LHC. Uncertainties on the 
Standard Model predictions of flavor observables are not 
included. For the SPS4 benchmark point the sensitivity 
study at LHC are not available. The SPS parameters are 
as follows (see [3j for more details). SPS la: (mo = 100 
GeV, mi/a = 250 GeV, A = -100 GeV, tan/3 = 10, 
fi > 0), SPS 4: (m = 400 GeV, m 1/2 = 300 GeV, 
A = 0, tan/3 = 50, (i > 0), and SPS 5: (m = 150 GeV, 
mi/2 = 300 GeV, A = -1000, tan/3 = 5, /x > 0). 



SPSla SPS4 SPS5 

TZ(B -> X s j) 0.919 ± 0.038 0.248 0.848 ± 0.081 

7l(B -> tv) 0.968 ± 0.007 0.436 0.997 ± 0.003 

TZ{B -> XJ+r) 0.916 ± 0.004 0.917 0.995 ± 0.002 

TZ(B -> KvV) 0.967 ± 0.001 0.972 0.994 ± 0.001 

B{B d -> fi+fi')/10- 10 1.631 ± 0.038 16.9 1.979 ± 0.012 
1l(Am s ) 1.050 ± 0.001 1.029 1.029 ± 0.001 

B(B S -> /i+^O/lO -9 2.824 ± 0.063 29.3 3.427 ± 0.018 
1Z(K -> tt'W) 0.973 ± 0.001 0.977 0.994 ± 0.001 



2. Model independent analysis: interplay among the 
similar flavour transitions 



1, Minimal flavour model: interplay to the LHC direct 
search 

Even if we assume the SUSY breaking is flavour 
blind (no additional flavour violation beyond that in- 
troduced via the CKM matrix), there are still SUSY 
effects observable at SuperB. The effects are expected 
for example when one chooses a large value for tan/3 
and/or the split Higgs mass. Since most of the SUSY 
particle searches at LHC are aiming to investigate this 
class of models one can study the complementarity of 
SuperB and the energy frontier experiments such as 



Contrary to the previous type of study, one can also 
consider the SUSY breaking parameters as free and 
use the Superi? observables to constrain them. Such 
study has been intensively carried out in the SuperB 
framework using the so-called Mass Insertion Approx- 
imation (MIA) (see e.g. [2])- In this approximation, 
a certain level of degeneracy in the squark mass is as- 
sumed in order to guarantee the suppression of the un- 



' Additional constraints on these parameters are expected to 
come from the measurement of B(B S — > fi + fi~) at LHCb. 
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TABLE XXIII: "DNA" of flavour physics effects for the 
most interesting observables in a selection of SUSY models 
from Ref. [416] . signals large effects, visible 

but small effects and + implies that the given model does 
not predict sizable effects in that observable. 
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FIG. 30: The excluded region at 95% confidence level for 
the charged Higgs mass versus tan/3 from Ref. |412| . The 
branching ratio of B — > tv as well as B — > Drv will be sig- 
nificantly improved at SuperB. The ATLAS potential ex- 
pected for the excluded region obtained using 1 and 30 fb~ 
of running at a center of mass energy of 14 TeV is also 
shown. 



wanted large flavour violation effects (i.e. Super G1M 
mechanism) to the previously observed flavour phe- 
nomena, which are in good agreement with the SM 
predictions. Since the mass insertion parameters are 
defined at the electroweak scale, the relation between 
the SUSY parameters and the observables are quite 
simple. As a result, one can readily study the effect 
of the same mass insertion contribution to the differ- 
ent Super B observables (e.g. mass insertion (S d ) 13/23 
to various type of b — > d/s transitions) as shown in 
Fig. [31] Such interplay is extremely useful to distin- 
guish between different types of SUSY. 



3. Model dependent analysis: interplay among different 
type of flavour observables 

Another approach to tackle the large number of 
SUSY parameters is to use a theoretically motivated 
flavour symmetry for the SUSY parameters at a high 
energy (at the SUSY breaking scale, GUT scale etc.). 
There have been various attractive proposals for such 
symmetry. One such example is a Grand Unification 
Theory (GUT) in which the quark and the lepton sec- 
tors are unified at the GUT scale. In this class of 
approach, non-trivial correlations can appear. One of 
such examples contains an apparent relation between 



the the 2 — 3 generation transition of quark and lep- 
ton sectors (such as b — > s transitions and r — > fj, 
transition) in SUSY-GUT models. Some examples are 



shown in Fig. 32 from Ref. |414j . 

In Ref. [416] . various kinds of flavour models are 
studied. A brief summary of their results are shown in 



Table XXIII which indicates the possible size of effects 
in various B physics observables, in D° — D° mixing 
and in the r — > fi"f decay. Finding for instance large 
NP effects in the latter decay or in the CP asymme- 
try S^Ks would rule out the AKM model [41 7| while 
favoring the other models analyzed. Similarly observ- 
ing significant CP violating effects in D — D mixing 
would disfavor all models analyzed except the AC |418j 
model [413] . 

In the same article, it is also pointed out that even 
the flavour blind MSSM (FBMSSM) analyzed in [HD] 
can account for large effects in various B physics ob- 
servables. Of particular interest in this case are CP vi- 
olating observables like Aj,p S7 and S^k s which, due to 
the minimal flavour structure of the model, are highly 
correlated with electric dipole moments (EDMs). In 
we show A^ S7 as a function of S^Ks ■ Due to 



33 



Fig _ 

the strong correlation between these two asymmetries, 
the aim to address the present tension in S$k s unam- 
biguously predicts large NP effects in the CP asymme- 
try in b — > sj, which even changes sign with respect 
to the SM prediction. 



B. Fourth generation of quarks and leptons 

Recently the implications on flavour physics observ- 
ables from extending the SM by adding a fourth gen- 
eration of quarks and leptons (SM4) have received a 
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Re((5 d 13 ) L L Re(6 d 23 ) 



FIG. 31: Left: Density plot of the selected region in the Re(5f 3 )LL — Ifn{8\z)hL for rrig = rrig — 1 TeV and (<5i 3 )ll = 
0.085e l7r/ ^ 4 using SuperB measurements (namely, 1-3 generation transitions). Different colors correspond to different 
constraints: (green), j3 (cyan), Am^ (magenta), all together (blue). Right: Density plot of the selected region in 

the Re(S2^)LR — Imifi^LR for rriq = rrig — 1 TeV and (^23) lr = 0.028e l7r ' 4 using SuperB measurements (namely, 2-3 
generation transitions). Different colors correspond to different constraints: B(B — > X a ^f) (green), B(B —¥ X s l + l~) (cyan), 
Acp(B — > X 3 -y) (magenta), all together (blue). 
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FIG. 32: The top figures are scatter plots of the time-dependent CP asymmetry for B —¥ A"s7r°7 in terms of the averaged 
squark mass. The varied parameters are those given in the specific flavour models, mSUGRA (top-left), SU(5) SUSY-GUT 
(top-middle), U(2) (top-right) (see |414j for more details). The bottom figures are the result for the various observables 
for the so-called 8LL mass insertion model [415] . Large correlations can be observed between various Super B observables 
(see |41 6| for more details). 



lot of attention, see e.g. [HU gUJ I32TH324] . The 
guidelines of how to extract the new parameters of the 
CKM4 matrix from future data has been presented 
in [424] and will not be repeated here. Instead we 
show in Figs. 34 and 35 the CP asymmetries S^,k s an d 
^Cp S7 ' respectively, as functions of S^. In both cases 
a strong correlation can be observed. Therefore, if the 
present deviation from the SM prediction in will 
be confirmed in the future more accurate experiments, 
the SM4 unambiguously predicts large effects in S^Ks 



and A cp si . Together with the possible direct observa- 
tion of a 4th generation at the LHC, these effects can 
be used to tighten the allowed SM4 parameter space. 



C. Minimal and custodially extended RS models 

A theoretically appealing approach to the SM 
flavour puzzle is given by Randall-Sundrum models 
with bulk fermions |425j . In this scenario the ob- 
served hierarchies in quark masses and CKM mixings 
are naturally obtained from the different localization 



of fermions along the 5D bulk. Implications for low 
energy flavour violating observables have been studied 
extensively in the literature, see e. g. [426H428] . 

Interestingly the observed pattern of effects depends 
crucially on the realization of the model. In the min- 
imal scenario with only the SM gauge group in the 
bulk, the NP contributions to rare decays are domi- 
nantly left-handed. Consequently large effects could 
be expected in both B and K decays [426H428] . As 
an example Fig. [36] shows the correlation between 
Br(B s — > and Br(B —> X s vT>) in the minimal 

RS model. The latter branching ratio can reach values 
larger than 10 -4 , which necessarily coincide with large 
NP effects also in the former channel. 

The situation is completely different in the case of a 
custodially extended bulk gauge symmetry [427] . Due 
to the suppression of left-handed flavour changing Z 
couplings, rare decays in this case are dominated by 
right-handed currents. Consequently, while large NP 
effects can appear in the kaon sector, the effects in 
rare B decays are predicted to be small and therefore 
difficult to disentangle from the SM. The situation is 
however different in the AF — 2 sector, where a large 
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FIG. 33: Correlation between the CP asymmetries A^ BJ 
and S<f>K s in the FBMSSM 420!. The various colors in- 
dicate the predicted lower bound on the electron EDM. 




FIG. 34: Correlation between the CP asymmetries iS^>k s 
and S^q in the SM4 



new phase in B s — B s mixing can be generated (see 



Fig. 37) 



D. Littlest Higgs model with T-parity 

The detailed FCNC studies in the Littlest Higgs 
model with T-parity (LHT) performed in 2006-2007 
429 have recently been updated |430j in light of an 
additional LHT contribution to the Z penguin pointed 
out in (431 j and of new input from experiments and 
lattice calculations. While the additional contribution 




FIG. 35: Correlation between the CP asymmetries A CP 
and in the SM4 
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36: Correlation between the branching ratios for 
> fj, H~ and B — > X s vv in the minimal RS model 



affected the size of some of the possible effects, the 
main conclusions from [429) remained intact: 

• Large NP effects are possible in CP asymmetries 
related to B s — B s mixing and in rare K decays. 

• The effects in rare B decays are small and there- 
fore difficult to measure. 

• Large effects can be expected in LFV /i and r 



decays, as summarized in Table XXIV 



• Ratios of LFV branching ratios turn out to be 
very different from the MSSM predictions and 
can therefore serve as a clean tool to distinguish 



between these two models (see Table XXV). 
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FIG. 37: Correlation between the CP asymmetries ^4| L 
and S^4, in the RSc model |427j . 



TABLE XXIV: Maximal values on LFV r decay branching 
ratios in the LHT model, for two different values of the 
scale /, after imposing the constraints on /j, — > e*y and 
iT -> e~e + e~ [450] . 
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A detailed study of D° - D° mixing in the LHT 
model has been performed in [433j . While in case of 
the CP conserving observables x and y a possible NP 
contribution is difficult to disentangle due to the poor 
knowledge of the SM long-distance contributions, an 
observation of CP violation in the D system would 
be an unambiguous sign of NP. Figure [38] shows the 
correlation between the semi-leptonic CP asymmetry 
asL and the asymmetry in D —¥ Ks4> decays. We 
observe that in both observables LHT physics can lead 
to spectacular deviations from the tiny SM prediction. 
A deviation from the correlation in Fig. [38] would be 



TABLE XXV: Comparison of various ratios of branching 
ratios in the LHT model (/ = ITeV) [430] and in the 
MSSM without [432] and with [18] significant Higgs con- 
tributions. 
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FIG. 38: Correlation between the CP asymmetries ash and 
S Kq d, in the LHT model [4331 . 



a clear sign of direct CP violation in the D —> Ks4> 
channel. 



E. Precision CKM constraints. 

The CKM ansatz has been tested at the 10% level 
by BABAR and Belle. One significant consequence of 
recording 75 ab -1 of data at the Y(4S) is that it will 
be possible to push the precision of this global CKM 
test down to the percent level. It is worth recalling 
that there are direct (i.e. measurements of the angles 
of the unitarity triangle) and indirect ways to test the 
CKM mechanism. One advantage of a Super Flavour 
Factory compared to other flavour experiments is that 
it will be able to perform a wide array of measurements 
of both the direct and indirect constraints. The conse- 
quence of this is that Superi? will be able to perform 
a self-consistent over-constraint of the description of 



quark mixing in the SM, and as is shown in Figure 28 
if one extrapolates measurements from today, to the 
era of Superi? we could find the dream scenario where 
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constraints do not converge on a single point indicating 
that new physics modifies our understanding of quark 
mixing. The alternative so-called nightmare scenario 
would be that once again the SM description is a good 
enough description of the experimental picture of na- 
ture that we have built up since the pivotal work of 
Cabibbo from 1963 on quark mixing 434 . 

The nightmare scenario is by no means the end of 
the road. In fact in many situations, this would sig- 
nify the beginning of a number of new physics searches, 
some of which would be possible at SuperB, but there 
would also be a number of new physics searches pos- 
sible at other experiments. One example is that of 
the measurement of the the K — > ixvv branching frac- 
tion. The theoretical uncertainty on the branching 
fraction of the charged and neutral modes is domi- 
nated by knowledge of the CKM matrix. In the case 
of K+ -> it+vv this is 33%, and for K° L -t ir°isV this 
is 52% 035]. With the current knowledge of the CKM 
mechanism a measurement of either of these modes 
would provide another constraint on the SM, however 
with a precision over-constraint of the CKM mech- 
anism from SuperB, then these kaon branching frac- 
tions would be sensitive probes of new physics via loop 
amplitudes in analogy with the discussions in Section[3] 
for the study of rare B decays. Thus the role of SuperB 
in elucidating flavour physics and searching for new 
physics, transcends the limitations of measurements 
possible at a Super Flavour Factory and has poten- 
tially important consequences for the interpretation 
of the results from other proposed or existing flavour 
physics experiments. 



11. Conclusions 



SuperB is a next generation high luminosity e + e~ 
collider that will accumulate a data sample of 75ab~ 
within five years of nominal data taking. This exper- 
iment could start running as early as 2015, by which 
time the LHC will have accumulated a significant sam- 
ple of data, and would be reporting the results of 
searches for or direct measurements of new physics. 
Those results are limited in that they measure only 
flavour diagonal processes. In order to fully under- 
stand the nature of new physics, one also has to mea- 
sure the off-diagonal terms, in analogy to the CKM 
and PMNS mixing matrices. The new physics capa- 
bility of the SuperB experiment is completely comple- 
mentary to the direct searches that are now under- 
way at the LHC. There are many measurements that 
could provide an unequivocal signal for new physics, 
and with hind-sight it would be possible to decode the 



more subtle nature of new physics by comparing the 
results of many measurements against theoretical pre- 
dictions. The interplay between measurements made 
at SuperB and those possible at other experiments is 
discussed in detail in Section [10| where a strategy for 
elucidating the nature of new physics is outlined. This 
strategy is only feasible through a combination of di- 
rect and indirect searches, where most of the latter are 
only possible at a Super Flavour Factory like SuperB. 

The new physics sensitive measurements possible at 
SuperB are discussed in detail throughout this paper. 
Some of the golden channels that we aim to measure 
are discussed in the following summary. In terms of 
Higgs physics, one can combine information from rare 
B decays in order to precisely measure tan/3 or the 
coupling A in CMSSM. In addition to learning about 
the couplings and structure of the Higgs sector be- 
yond the Standard Model, one can indirectly search 
for charged Higgs particles to a level that exceeds the 
LHC direct search capabilities by a factor of 3 — 5 over 
the full range of tan /3. CP violation parameters in 
B and D decays are also sensitive probes of Higgs and 
SUSY particles, and these will be studied to the fullest 
extent possible. 

Again, using rare B decays measured at SuperB it 
is possible to probe the structure of SUSY. For exam- 
ple, two thirds of the MSSM parameters are flavour 
couplings, and with rare decay measurements from a 
Super Flavour Factory it would be possible measure 
the real and imaginary parts of a number of flavour 
couplings of SUSY models to a few percent. 

In should be noted that exclusive decays of the rare 
processes b — > sll and b — > sj will be measured with 
high statistics at LHCb. At SuperB however one can 
also perform both inclusive and exclusive measure- 
ments of these decays. Inclusive decays provide im- 
portant additional constraints as the theoretical un- 
certainties on the exclusive processes are much larger 
than the inclusive ones. These sets of measurements 
at SuperB will be limited by theoretical uncertainties 
as discussed in Section [H 

SuperB has by far the greatest sensitivity for studies 
of Lepton Flavour Violating r decays and will be able 
to search down to branching fractions of the level of 
2 x 1(T 10 . SUSY GUT models, using constraints from 
the current B s mixing and phase measurements from 
the Tevatron predict that such t LFV channels could 
exist with branching fractions of a few 10~ 8 . In addi- 
tion to LFV studies in r decays, SuperB will search for 
LFV in di-lepton decays of light mesons. Such decays 
are sensitive to light Higgs or Dark Matter particles 
that would be difficult or impossible to detect in high 
energy machines. Similarly, the detailed study of the 
decays of light mesons could elucidate, or exclude large 
parts of the parameter space for the dark sector which 
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is commonly referred to as 'Dark Forces' in the litera- 
ture. 

There are a number of deviations from the Standard 
Model at the level of 2 — 3ct at the existing B-factories. 
If any of these were a manifestation of new physics, 
the increased precision obtainable at Superi? would 
be able to convert these hints into discoveries of new 
physics. One such deviation is that of a CPT test 
using di-lepton decays of B mesons. A precision test 
of CPT could be performed at Superi? which in turn 
could probe new physics near the plank scale for some 
quantum gravity scenarios. The current discrepancy 
between measurement at the Standard Model is at the 
level of 2.1a. 

If the recent Tevatron claim of evidence for non- 
standard Model physics pQ is confirmed, then the tex- 
ture of flavour physics beyond the Standard Model will 
be rich. The strategy for elucidating nature outlined 
in Section [10] can be expected to provide at least a 
partial reconstruction of the new physics Lagrangian, 
and does not depend on confirmation of the DO result 
as a manifestation of new physics. 

If no new physics were found at the LHC, the flavour 
problem could become the flavour opportunity. Nowa- 
days, B data already point to a new physics scale 
exceeding the TeV. Using the clean environment at 
SupcrS, particle physicists would be able to indirectly 
probe the energy range 10 — 100 TeV. 

Likewise, if the LHC fails to find the Standard Model 
Higgs, it would be possible to combine information 
from Super B with measurements of g — 2, and f^cDM 
to improve the indirect constrains on the Higgs mass 
in CMSSM. The currently preferred mass for the Higgs 
from this method is compatible with the results of pre- 
cision electroweak fits. 

In addition to the aforementioned new physics 
search capabilities, Super_B will be able to perform pre- 
cision tests of the Standard Model, which in turn could 
reduce theoretical uncertainties sufficiently to pave the 
way for additional new physics searches. One highlight 
of the Standard Model measurements is the possibil- 
ity to perform a precision measurement of sin 2 #w 
Charm mixing has been firmly established in recent 
years, and a detailed study of possible CP violation ef- 
fects in charm would be performed at Superi?. These 
would include the study of quantum-correlated D°D 
decays, which would give access to additional experi- 
mental observables beyond those studied in charm de- 
cays at the T(4S). Any large manifestation of CP 
violation in charm would be a clear indication of new 
physics. In addition to the aforementioned studies, 
data from SuperB could be used to measure a num- 
ber of benchmark parameters, such as meson masses 
and decay constants, which in turn could be used to 
further validate Lattice QCD and hone our under- 
standing of theory. The current B factories provided 



the community with a rich harvest in terms of me- 
son spectroscopy. They range from the the discovery 
of the ground state r\b that had been sought after for 
many decades to the unexpected observation of sev- 
eral candidate for bound states with a quark structure 
never observed before. The limited statistics of the B- 
Factories has only opened the question of the definition 
of this new spectroscopy, but the hundred times larger 
samples of SuperB are needed to see the complete the 
picture. 

In summary the SuperB experiment would be able 
to perform precision measurements of a wide array of 
new physics sensitive and Standard Model observables. 
By interpreting the resulting pattern of measurements 
and deviations from the Standard Model this experi- 
ment would be able to elucidate details of the nature 
of new physics to energy scales up to 100 TeV. This 
broad physics programme is complementary to the di- 
rect search programme at the LHC. 
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